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Mouse Leukemia 


XII. The Role of Genes in Spontaneous Cases* 
E. C. MacDowell, S.D., J. S. Potter, Ph.D., and M. J. Taylor 


(From Department of Genetics, Carnegie Institution of Washington, Cold Spring Harbor, Long Island, N. Y.) 


(Received tor publication August 28, 1944) 
INTRODUCTION mice in a second generation of a cross between two 
The biological units called genes are conceived to contrasted strains are intrinsically uniform or diverse 
be enormously diverse, specific, chemical entities re- their tumor tendencies. However simple this prob- 
sponsible for heredity. Each fertilized egg bears a lem appears to be, it has not been solved experimentally 
collection of genes which, through interactions among lor the ssa leukemias wal other —— 
themselves and with the conditions they encounter, growths of any strain of — The incidence of such 
determine the characteristics of the developing indi- diseases has been reported —_— between wei 
vidual. Thus genes play some part in all traits and in contrasted strains and in diverse hybrid generations, 
all biological processes, although their action can be but the proportion of ever animals in — 
demenarned cooly when Glen: cubits & “Oo tell very little about the intrinsic uniformity 
genes are compared and when nongenetic influences °* diversity of the different individuals. Whether " 
are relatively insignificant, or constant. A highly ‘OF 4ppears or not is a very poor indication of the 
intrinsic tendency of a mouse. The all-or-none classi- 
fication conceals possible gradations in the strength of 
the intrinsic tendency; and even more serious is the 
variable part played by extrinsic influences in deter- 
mining whether a mouse with a given tumor tendency 
develops a tumor. 
Under these conditions, as previously indicated (13), 
a solution depends upon classifying each animal of a 
generation in which genetic segregation takes place, 
according to the incidence of tumors among its off- 
spring in a backcross to the low tumor strain. This 
replaces a plus-or-minus description of an individual 
by a percentage description of a family. The family 
should be large enough to experience a random sample 
of the entire range of extrinsic variations, so that, in 
the comparison of families, such influences are mini- 
mized. The number of families should be large 
enough to represent any intrinsic variation among the 
hybrid parents. Under these conditions, significant 
differences among families would constitute evidence 
of gene segregation. A bimodal distribution of families 
would indicate the predominant action of one gene. 
This was the result obtained when this method was 
used by MacDowell and Richter (14) in testing the 
inheritance of host susceptibility to a line of trans- 
plantable leukemia. If more than one important gene 


inbred strain of animals uniformly carries a definite 
combination of genes; other strains carry other com- 
binations. An enormous accumulation of genetic evi- 
dence supports the conclusion that all the character- 
istics that distinguish such strains are due to the 
different genes that are inherited. But generalization 
trom accumulative evidence is not always safe, and 
in the case of tumor strains of mice the possibility has 
not been eliminated that some nongenic material is 
responsible for the observed phenomena that resemble 
true inheritance. This possibility becomes more inter- 
esting as the number of active agents related to tumors 
and separable from genes increases. If some tumor- 
inducing, nongenic cellular component, of whatever 
origin, were maintained at a uniform level in a strain 
by inbreeding and reduced to lower levels according 
to Outcrosses with other strains, the individuals in a 
second hybrid generation would supposedly have uni- 
form tumor potentialities. If, on the other hand, genes 
Were responsible for the strain differences, the indi- 
viduals in a second hybrid generation would be in- 
trinsically diverse. For the unique characteristic of 
genes is their reassortment in cross breeding, depend- 
ing on the distribution of chromosomes. 


The problem, then, is to determine whether the 


“Aided by a grant from the Carnegie Corporation. were involved, it would probably be impossible to 
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say how many. To find the number of genes in- 
volved was once a goal of genetic analysis, but this 
has largely lost its meaning since the importance of 
the interactions of the whole set of genes has been 
more fully recognized and since the same character- 
istic in different cases has been found to depend upon 
different numbers of primary genes. However, to 
know whether or not genes play any direct role in 
tumor incidence might have a significant bearing on 
the etiology of malignant growths. 

In crosses between inbred strains of mice differing in 
the incidence of leukemia, the proportion of leukemics 
in a given generation has been found to be a mathe- 
matical function of the total heredity from the strain 
with the high incidence. In the case of MacDowell 
and Richter (13), the function appeared to be directly 
arithmetical; in the case of Cole and Furth (2) the 
function was semi-logarithmic, with the log of the 
percentage of leukemics varying with the proportion of 
high leukemia heredity. This difference in function 
may be connected with the different kinds of extrinsic 
variables (such as the increasing prevalence of pneu- 
monia during the course of the second experiment), 
or with differences in the strains of mice employed. 
The significant point in both cases is that something 
influencing the incidence of leukemia was received 
from the parents, and the strength of this influence 
varied with the grandparents. Any interpretation be- 
yond this becomes hypothetical. With appropriate 
assumptions as to extrinsic variables, various interpre- 
tations would be possible. In each case this parental 
influence could be supposed to be carried by one, a 
few, or many genes, or by some substance independent 
of chromosomes. For in neither case were breeding 
tests made of a random sample of the animals in a 
backcross or F, generation, although Cole and Furth 
reported observations on nearly 4,800 animals from 36 
different types of matings. 

The following experiment with mouse leukemia 
utilized the method of classifying a backcross by breed- 
ing tests of each animal, under conditions as nearly 
uniform as it seemed possible to attain. The results 
indicate genetic diversity among the backcross animals, 
and hence favor the interpretation that genes are in 
some way concerned in the incidence of leukemia. 
Further than this, a notable dependence of the inci- 
dence of leukemia upon the parturition age of the 
mother from the negative strain introduces a previously 
unsuspected extrinsic influence. 


MATERIALS AND METHODS 


The number of animals required to form a random 
sample of one generation and the number required for 
an adequate breeding test increases with the intrinsic 
and extrinsic variability. Since the amount of neither 
variability is known, the plan of such an experiment 





should reduce the extrinsic variability to a minimum 
and increase the number of animals to a practical maxi- 
mum. Uniformity of time and place help to balance 
out the effects of uncontrolled extrinsic variability, 
The animals in all the breeding tests should be born 
within one season and be housed in close proximity, 
so that as long as they live they will experience the 
same succession of seasons and the same general varia- 
tions, of whatever cause, in their tood, care, and at- 
mospheric conditions. The number ot animals can be 
effectively increased by limiting the program to a 
single type of mating. Using males exclusively for 
the transmission of the heredity trom the leukemic 
strain will eliminate any nongenic, maternal factor for 
leukemia (13). 

With these directives, a new cross between the high 
leukemia (90 per cent) strain C58 (13, 7, 9) and the 
low leukemia strain StoLi (Storrs-Little) was made. 
using a single C58 male from the 45th inbred genera- 
tion and 3 StoLi females. Seven of their sons (F;) 
were backcrossed with 18 StoLi temales. Fifty males 
from this backcross (BC), born between June 30, 1937 
and July 13, 1937, constitute the subjects of the present 
study. The reassortment of genes among these 50 BC 
males was indicated visually by the 8 approximately 
equal classes of hair colors resulting trom the segrega- 
tion of 3 pairs of genes heterozygous in the F, parents 
(C58=BB, DD, PP; StoLi=66, dd, pp). The prob- 
lem was to find, by means of breeding tests, whether 
these animals were intrinsically uniform or diverse in 
regard to the tendency to leukemia. Accordingly, each 
of these 50 males was mated on September 21, 1937, 
in a second backcross, to 10 StoLi females. These 500 
females, from inbred generations 41 to 43, were born 
in 1937 between April 12 and July 21. In order to 
distribute any differences in these females, due to 
litter or age, as equally as possible among the males, 
the pedigree numbers of the females were listed, in 
order of birth, from top to bottom of 10 successive 
columns of 50 each, and the 10 in each horizontal row 
were mated to a different male. To tacilitate breeding, 
each mating was provided with an extra box for the 
females not in some stage of estrus, according to daily 
observations. Mating plugs were recorded and preg- 
nant animals isolated. In order to raise successfully 
the large 2BC litters and permit the mothers to be 
remated on the day of parturition, 400 foster nurses 
from the Balb (Bagg albino) strain were used. When 
this supply of foster nurses was exhausted, the StoL 
mothers nursed all the young, either their own OF, 
when these were not needed in the quotas, young 
from other matings. Most of the mice spent their 
entire livés in a room especially equipped for this 
purpose; a few were temporarily kept in a second 
room close by. The same diet, box type, bedding, and 
routines of feeding and cleaning (5) were maintained 
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throughout this and all other experiments on leu- 
kemia that have been reported from this laboratory. 

Of the 2BC young born from these matings in a 
period of 3 months (October 10 to January 12) and 
surviving at least 6 months, 2,677 diagnoses are in- 
cluded in the totals. The number of young per father, 
called a family, varied about a mode of 54, according 
to the following frequency distribution: 


,S6 5 


3 3 

The care of the mice and all breeding, including 
the earlier generations and the preliminary building 
up of the StoLi and Balb strains, were under the super- 


Number per family... 49 50 51 52 53 54 55 
Number of familics. . | ? 4 5 15 > 


vision ot Mr. T. Laanes. Autopsies were performed 
and classified by Taylor with assistance, during the 
summer of 1939, trom Mrs. L. Cason. The micro- 
scopic slides, which carried sections of all significant 
organs, were prepared by Miss E. N. Ward. The 
final diagnoses were made by Potter, with the kind 
cooperation of Dr. M. N. Richter of The New York 
Post-Graduate Hospital in difficult and unusual cases. 
All pathological conditions, including typical and 
questionable gross autopsy pictures of leukemia, were 
diagnosed from sections except when advanced post- 
mortem changes prevented. The diagnosis of leu- 
kemia is used in the broad sense, as in the previous 
studies of this series (13). Among cases definitely 
diagnosed by sections, the close agreement with diag- 
noses based on gross autopsies justifies acceptance 
of the diagnoses from such autopsies for certain cases 
in which postmortem changes prevented microscopic 
diagnosis. Thus the inclusion of 57 cases with typi- 
cal gross autopsy pictures of leukemia introduced 
a possible total error of 0.72 of a mouse distributed 
among 29 families; the inclusion of 18 cases showing 
some splenic or nodal enlargement, but called non- 
leukemic in the gross, introduced a total error of 0.15 
of a mouse distributed among 14 families. On the 
other hand, a questionable diagnosis from the gross 
hndings provided no prediction basis for the micro- 
scopic diagnosis, so that such cases could not be used 
it postmortem change prevented the microscopic diag- 
nosis. This required the elimination of a total of 
) mice from 16 families. Since the degree of post- 
mortem change depends on the interval between ob- 
servations and on the weather, this elimination can 
have no selective effect. Tissues from the first 759 
mice apparently normal at autopsy were sectioned 
and without exception confirmed microscopically as 
normal. The tissues from the rernaining 900 normal 
mice were not sectioned. 


EXPERIMENTAL RESULTS 


The results indicate that the problem is far more 
complex than supposed. The actually observed pro- 


portions of leukemics (the percentage of those sur- 
viving 6 months that died with some form of leukemic 
disease) in the 50 different second backcross families 
range from 0 to 42.8 per cent in a fairly symmetrical 
frequency distribution, with the modal class at 17 to 
20 per cent (10). On face value, this distribution 
(Fig. 1) would indicate unquestionable genetic di- 
versity of the backcross fathers in determining leu- 
kemia. But the face value can be accepted only if 
other factors that influence leukemia are distributed 
uniformly throughout the families. In spite of all 
efforts to meet this condition experimentally, 6 of the 
numerous observations recorded for every animal show 
some degree of association with leukemia, as well as 
unequal distribution among the families. These varia- 





Number of Families 














O | 9 17 25 33 
% Leukemics per Family 


Fic. 1-—Frequency distribution of 2nd backcross families 
according to total incidence of leukemia. Lower limits of 
classes are indicated on base line in this and all other graphs. 


bles are: parturition age (12) of mother (inbred nega- 
tive strain), strain of nurse, length of life, color and 
intensity of hair pigment, and sex. The interpretation 
of the results depends upon the disentangling of these 
variables. Does the diversity of families for leukemia 
depend upon the irregular distribution of these varia- 
bles, or does there remain evidence of genetic diversity 
of fathers specifically for leukemia? 

The variation between families for 4 of these factors 
was plotted in frequency distributions. The ranges of 
family averages are: for mother’s age at parturition, 
14.5 to 23.1 weeks; for mice nursed by Balb females, 
16.5 to 100 per cent; for length of life, 537.5 to 735.7 
days; for sex, 36.2 to 71.9 per cent males. In every 
case the curve between these points is unimodal and 
fairly symmetrical. Two pairs of genes influencing 
hair pigmentation (black versus brown and intensity 
versus dilution) divide the backcross fathers into 4 
classes, each of which gives a different set of color 
classes in the second backcross. 

A simple method of illustrating the association of 
these factors with leukemia is to compare pairs of 
frequency distributions of the percentage of leukemics 
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per family based on contrasted conditions: mice from leukemia, indicated above by the comparison of 2 age 
mothers younger than 18 weeks versus older; mice _ classes, is confirmed by examination of various group- 
with nurses from strain StoLi versus strain Balb; dilute ings of the data with mother’s age given within periods 
versus intense pigmentation; mice living longer than — of 4 or 8 weeks. Fig. 2A shows a continuous drop in 
average (653 days) versus less; blacks versus browns; _ the percentage of leukemia for all families together, as 
males versus females. The percentage of leukemics the mother’s age increases by periods of 4 weeks. This 
per family is higher (a) for mice with younger is true for each of two groups of data separated accord- 
mothers in 39 of 50 families; (b) for mice with Balb ing to the strain of the nurse (Fig. 2B). The critical 
nurses in 34 of 49 families; (c) for dilutes in 23 of | question remains, are there differences in the incidence 
the 27 families including both dilute and intense mice; of leukemia in the various families independent of 
(d) for shorter lives in 31 of 50 families; (e) for differences in mother’s age? To answer this question 
blacks in 16 of the 24 families that also included and at the same time maintain numbers, the families 
browns; ({) for females in 30 of 50 families. In most have been classified into four groups of 12, 13, 13, and 
cases a difference between the contrasted distributions 12 families each, according to the total leukemia per 
is indicated by a shift in the polygon as a whole; family, and the mother’s-age classes have been widened 
means and differences between means are given in to 8 weeks. The data for each nurse strain, given 
Table I. The standard errors may have questionable separately in Figs. 2C and 2D, lead to essentially the 


TasBLe I: INciIpENcCE oF LEUKEMIA IN CONTRASTED PARTS OF FAMILIES 


Fach tamily has been divided into 2 parts according to the indicated bases of comparison, and the percentage of lcukemics 
(% 1.) within cach part-family has been calculated and averaged for all families. 


Means of ‘7 LL. per family 
Sasis of ——____—_— -~ 
comparison Lower 








inher Diff. 


S.] D/Sk 
Mother's age > 18 wks. 11.13 <1 wks. we 10.29 = 2.11 4.9 
Nurse strain StoLi 11.50 Balb 19.97 8.47 = 2.22 3.& 
Intensity Intense 12.0] Dilute 20.80 8.7/9 = 2.55 5.4 
Color srown 16.29 Black 20.62 4.33 = 2.3& 1 .% 
Sex Males 14.67 Females 18.77 3.60 = 2.08 la 
Life length > 653 d. 13.8% < 653 d. 20.30 6.4] = 2.14 3.0) 





application, although they yield probabilities confirmed 
by other analyses. 

Because of the clouding effects of other factors, these 
comparisons dealing with one variable at a time can 
give only general indications. While statistical meth- 
ods are available for evaluating the relative importance 
of interacting influences, the present data are not ade- 
quate for such analyses. The simultaneous analysis of 
all variables would give small and highly irregular 
numbers, with many cells empty. In spite of such 
difficulties, Dr. John W. Gowen, of Iowa State College, 
very generously undertook an analysis of variance of 
these data, and a preliminary statement of his findings 
has been reported (11). After further study he con- 
cluded that the different variables were so confounded 
in the results that it would be wise to obtain new data 
with these variables separated experimentally. 

However, simple graphic methods, without pre- 
tense of statistical evaluation, have given consistent 
indications that appear to answer the main question 
and suggest requirements for new experiments. To 
assist in the interpretation of graphs, the numbers of 
individuals are indicated for many of the plotted points. 

Mother's age-—The influence of parturition age of 
mother (inbred negative strain) upon the incidence of 


same conclusions: mother’s age is not primarily re- 
sponsible tor family differences, for these differences 
appear within the same mother’s-age class; and, further, 
the reduction in the percentage of leukemics with 
mother’s increasing age, shown by the total data in 
Fig. 2A, is not due to a preponderance of the mice 
with young mothers coming from the high leukemia 
families, for within the group of high leukemia tami- 
lies the decline in the percentage of leukemics with 
mother’s increasing age is even more definite than in 
the families with lower incidence of leukemia. Since 
the families were grouped according to their incidence 
of leukemia, the mean height of the curves for the 
different family groups will necessarily differ. But 
this does not account for the consistency with which, 
within a family group, the percentage of leukemia falls 
as the mother’s age increases. A striking point shown 
by the curves in Figs. 3C and 3D is the decreasing 
steepness of the lines as the total leukemia per family 
is reduced, until the group of lowest families shows 
barely a suggestion of the influence of mother's age. 
The incidence of leukemia is influenced by family 
tendencies attributable to the fathers; the incidence of 
leukemia is independently influenced by the age ol 
the mother, but the effectiveness of the mother s-age 
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influence depends upon the strength of the family 
(paternal) tendency. The stronger the paternal ten- 
dency, the more decided the effect of mother’s age. If 
all mothers had been 8 to 15 weeks old, the diversity 
of families in total percentage of leukemia would have 
been more definite; if all mothers had been over 40 
weeks old, family differences could not have been 

















How tar may the other variables that seem to show 
some relationship to the incidence of leukemia modify 
this conclusion? 

Hair color, dilute (dd)—The preliminary finding of 
an association between leukemia and dilution of hair 
color (dd) is supported by subdivision of the 8 curves 
in Figs. 2C and 2D into dilute and intense (Dd) mice 




















recognized. (Fig. 3). In this figure, only families including both 
A ALL MICE B STRAIN OF NURSE 
40+ - 
20r 
© OO i ee el NY 
Eo ] a l a oii l l ! r LN 
7 8 I2 lo 20 24 28 32 36 8 I? 16 CO 24 28 32 36 
zs 
au 
7 C FAMILY GROUPS D FAMILY GROUPS 
e 40F Stoli Nurses — Balb Nurses 
UO 
- © 
Oo 
2 OF Be 
, 
7 7 
p Wag 
ladle Pee 
~ 
0 ! ee | 
8 16 24 32 <— weeks — 8 16 24 32 
Mothers Age at Parturition 
aS 86 /4/ 28 6 243 7 / 56 7 
Sv 60 140 39 /6  ------ 242 53 111 23 
$8 /0/ | 33 3 | A Henbanaauinnnen /60 154 94 13 
206 95 8 / 45 25 197 lO7 78 13 





Fic. 2.—Incidence of leukemia according to mother’s age at parturition. 


In figures including several fields, scales are 


labeled only once, at left and at bottom. Number of mice for each point in C and D given in italics at bottom. Heavy line, 
12 families with 23 to 42 per cent leukemia; broken line, 13 families with 17 to 22 per cent leukemia: dotted line, 13 
families with 11 to 16 per cent leukemia: light line, 12 families with 0 to 10 per cent leukemia. 


Strain of nurse—The effect of the strain of the nurse 
appears clearly in Fig. 2B and in the comparison of 
2C and 2D. Even within family groups and the same 
mother’s-age class, the incidence of leukemia was con- 
sistently higher for the mice that had had Balb nurses 
than those with StoLi nurses. This effect is most 
noticeable in the group of families with the highest 
incidence of leukemia, and diminishes in the lower 
groups. Thus Balb nurses tend to increase the diversity 
between families. : 

Both mother’s age and nurse strain appear to have 
unquestionable influence upon the incidence of leu- 
kemia; but an influence of fathers, in terms of family 
differences, remains when strain of nurse and mother’s 
age are held constant. 


dilutes and intense mice are included. The proportion 
of leukemics for different mother’s ages is higher for 
the dilute mice in a great majority of the comparisons 
within the same group of families and the same strain 
of nurse. However, considering dilute mice alone— 
from all families—the relations between family groups, 
mother’s age, and strain of nurse remain virtually the 
same (Fig. 4), showing that the irregularities in the 
proportions of dilutes in different families is not re- 
sponsible for the differences between groups of families, 
nor for their relation to nurse strain and mother’s age. 
Indeed, the influence of dd on leukemia is relatively 
so small that the frequency distribution of percentage 
of leukemia per family for the 23 families with 100 per 
cent dilutes is identical with the corresponding fre- 
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Fic. 3.—Leukemia among dilute (dd) versus intense (Dd) colored mice, classified by mother’s age, nurse strain, and total 
incidence of leukemia per family, counting only families including both dd and Dd mice. Number of mice (italics) indicated 
under base line; mother’s-age classes numbered only for bottom 2 graphs. 
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quency distribution tor the 27 families with 34 to 66 
per cent dilutes (not shown). 

It should be noted that the gene for dilution, which 
may be considered a plus modifier tor leukemia, was 
contributed by the nonleukemic strain StoLi, and that 
the leukemic strain C58 contributed the dominant in- 
tensity factor DD, which in the heterozygote Dd coun- 
teracts the effect of dd on leukemia. 














mother’s-age classes. When browns (6) alone are 
used (larger numbers than blacks) the relationships 
between mother’s age, nurse strain, and family group 
remain essentially the same (Fig. 5), although with 
StoLi nurses the curves for families of 17 to 22 per 
cent leukemia and 11 to 16 per cent leukemia are 
crossed. A final dissection of the two higher family 
groups gave curves for dilute browns (ddb6) alone that 
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Fic. 4.—Persistence of differences between families grouped as in Fig. 2C, when only dilutes (dd) are counted (all families). 
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Fic. 5.—Persistence of differences between families grouped as in Fig. 2C, when only browns (44) are counted (all families). 


Har color, black (Bb).—The association of black 
with leukemia according to the means of Table I is 
much less certain than the association of dilution. The 
comparison of browns and blacks (46-Bb) within the 
24 families in which both occur and within mother’s- 
age class, nurse strain, and groups of families with 
similar incidence of leukemia, increases the uncer- 
tainty of the difference between these color classes. 
The higher average tor blacks in the totals depends 
Primarily upon 3 of the 8 pairs of curves: these 3 
show the blacks above the browns for 2 successive 


still do not differ materially from the corresponding 
curves for all colors. Whatever the relationship of 
color genes to the appearance of leukemia, the irregular 
distribution of these genes among families is not 
responsible for the major diversity in the incidence of 
leukemia in different families. 

Sex.—A tendency for females to give a higher inci- 
dence of leukemia than males has been discussed by 
Cole and Furth (2). This appears to be the case in 
several studies, but the differences are not always 


statistically significant (4+). In the present case the 
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Fic. 6.—Leukemia in males versus females. 
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totals do not indicate a significant difference (D/S.E. 
1.7), but in spite of this a small sex difference probably 
does exist. This is shown in Fig. 6, which compares 
the occurrence of leukemia in males and females with 
dilute hair color (dd) classified according to nurse 
strain, family group, and mother’s age. Of the 8 pairs 
of curves, 5 show higher incidence of leukemia for 
2 or more mother’s-age classes, and only 


females 1n 
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age for the 4 family groups, all hair colors included, 
are clearly distinguishable. 

Length of life-—The time of death, like the appear- 
ance of leukemia itself, is an end result of the inter- 
action of the inherited constitution and the conditions 
encountered, an interaction that is subject to modifica- 
tion until the last moment of life. In this way longevity 
differs from the variables previously considered, which 
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| pair shows the reverse. However, this superiority of are determined once for all either by the genes at 


females would seem too small and inconsistent to be 
responsible for the differences between family groups 
in the incidence of leukemia, no matter how irregularly 
the sexes were distributed. As a matter of fact, the dis- 
tribution of sexes within the various subdivisions is 
remarkably constant and shows no general relation- 
ship either to mother’s age or to different leukemia 
groups of families. And for each sex by itself (Fig. 7) 
the curves for the percentage of leukemics by mother’s 


fertilization or by the experimental procedure. It is 
easy to record age at death and to apply statistical 
analysis, but to determine what is actually measured 
by longevity is a problem comparable in its complexity 
to determining what is measured by the incidence of 
leukemia. A long life may be due to natural or ac- 
quired resistance to the common causes of death, 
whether these are specific pathological entities or 
physiological weaknesses. At the other extreme, long 
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life may be due to the avoidance of pathogenes or 
physiological stresses. Is resistance to leukemia inde- 
pendent of, or associated with, the other important 
resistances? The only available indication of general 
resistance is length of life, whereas resistance to leu- 
kemia is indicated both by the length of life of leu- 
kemics and by incidence. 

How far the incidence of leukemia is modified by 
factors influencing longevity depends partly upon 
whether these factors involve specificity (either for 
leukemia, or for other conditions) and whether life 
is lengthened, in the case of leukemia, by holding off 
the inception of the disease, or by prolonging survival 
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Fic. 8.—Average length of life versus percentage of leukemia 
in parental strains, reciprocal F;, and backcross generations. ¢ = 
inbred C58; s—inbred StolLi: mother above line: mother of 
hybrid parent given first. 


after it has appeared. This last distinction cannot be 
made directly from the observations, but appears to be 
required in the interpretation. The following analyses 
indicate a diversity of factors that modify longevity, 
with diverse relationships to leukemia. 

The earlier generations of the cross between these 
two strains include a wide range of longevity and 
afford an important basis for interpreting the results 
in the second backcross. In the inbred parent strains 
the degree of resistance to leukemia was directly asso- 
ciated with the degree of resistance to other causes of 
death. That is, the low resistance of strain C58 was 
indicated by short lives of all mice and by high fre- 
quency of leukemia, while the high resistance of strain 
StoLi was indicated by long life and general absence of 
leukemia. This same association between longer life 
and less leukemia appeared also in the comparison of 


reciprocal F,; hybrids and backcrosses to the negative 
strain. Fig. 8 (6, 7) shows these reciprocal hybrids 
and the inbred parent strains arranged on the base 
line in order of decreasing incidence of leukemia (scale 
on left). Averages for length of life are superimposed 
(scale on right). Longevity increases as the incidence 
ot leukemia decreases. This is true for the leukemics 
as well as for the negatives. Cole and Furth (2) report 
a similar association between longevity and the inci- 
dence of leukemia in a series of 6 types of hybrid 
generations in a cross between two strains of mice 
entirely unrelated to the ones used in the present study. 
When entire generations are compared, both crosses 
indicate a connection between resistance to leukemia 
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Fic. 9.—Scatter diagram of families, per cent leukemia by 
average length of lite of negatives. Line connects points for 
families grouped by fives in order of increasing average length 
ot life of negatives. 


and to other causes of death. When resistance to leu- 
kemia is low, indicated by high incidence, the resis- 
tance to other causes of death is low, indicated by 
short lives of negatives. 

This relation between length of life and the inci- 
dence of leukemia appears to be more direct than that 
found between longevity and the incidence of cysti- 
cercus liver sarcoma in rats by Curtis, Dunning, and 
Bullock (3). Strains of rats characterized by low sus- 
ceptibility to cysticercus infestation and long lives, 
gave as high final incidence of sarcoma as strains with 
high susceptibility to cysticercus infestation and short 
lives. 

The association between short lives of negatives (as 
well as leukemics) and high incidence of leukemia, 
indicated by the totals of the earlier generations, elim 
nates the possibility that longevity is a primary factor 
regulating the incidence of leukemia by increasing the 
opportunity for leukemia to develop. But these results 
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Fic. 10.—Frequency distributions (per cent) of length of life 
from total generations do not say that short lives and 
high incidence of leukemia are necessarily or geneti- 
cally associated. Indeed, doubts of this being a causal 
connection were previously expressed (7). Genetic 
segregation took place in the first backcross, but direct 
evidence of the independence of genetic factors affect- 
ing the incidence of leukemia and length of life be- 
comes available only within the second backcross. 

As’a whole, the second backcross shows an associa- 
tion between shorter lives and higher incidence of leu- 
kemia, as indicated above (Table I) by the rise in the 
mean of the frequency distribution of the percentage 
of leukemia per family when only shorter-lived mice 
were counted. But this association does not hold for 
individual families. The scatter diagram (Fig. 9) 
showing the percentage of leukemia against the aver- 
age length of life of nonleukemics for each family, 
indicates no general association. The points form an 
irregular, roughly triangular field. With increasing 
age of nonleukemics, the range of the percentage of 
leukemia is increased in both directions. A line con- 
nects the points for percentage of leukemics by aver- 
age length of life of negatives, in families grouped by 
hves in the order of increasing length of life of nega- 
tives. This saw-toothed line indicates that the original 
association between more leukemia and shorter lives 
has been entirely eliminated. In a similar scatter dia- 
gram, based only on mice with StoLi nurses, the 
triangular pattern of the field is entirely absent, indi- 
cating, thus, that this pattern does not have general 
significance. 

If, instead of combining families according to lon- 
gevity, families are divided according to the percentage 
of leukemics into four groups and the frequency 
distributions of length of life of the individual nega- 
tive mice in the four family groups are compared, no 
significant differences between family groups are found. 
The distributions for the families with the highest and 
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of individual mice in high versus low leukemia family groups. 


the lowest incidence of leukemia are identical (Fig. 10). 
Similar frequency distributions of length of life of 
leukemics in the same four family groups are also 
indistinguishable. 

Although the incidence of leukemia per family does 
not change with the length of life of the negatives, 
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length of lite of negatives, for families grouped by fives in order 


1].—Seatter diagram, length of life of leukemics versus 


of increasing average length of life of negatives. 


the length of life of leukemics does change with the 
length of life of negatives (Fig. 11). 

In other words, comparing different second back- 
cross families or groups of families, the degree of re- 
sistance to leukemia is associated with the degree of 
resistance to other causes of death as far as resistance 
is measured by length of life; measured by the inci- 
dence of leukemia, no relationship appears. The asso- 
ciation between short life and high incidence of leu- 
kemia shown by the totals of generations, has been 
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broken down by the segregation of genetic factors that 
independently modify length of life and incidence of 
leukemia. The backcross fathers, then, differ in their 
contributions to general resistance of their second 
backcross’ offspring, which accordingly survive for 
longer or shorter periods, whether they die of leu- 
kemia or other causes. Such differences in longevity 
do not account for the differing proportions of leu- 
kemics that characterize the different families or groups 
of families. The paternal contribution to the incidence 
of leukemia is independent of the paternal factors for 
resistance that determine longevity of leukemics and 
negatives alike. 




















delay the time of the appearance of leukemia. Accord- 
ingly, the potential leukemics from young mothers 
develop leukemia at an early age, betore other causes 
of death have had much chance to eliminate them. 
ut as mother’s age progressively delays the appear- 
ance of leukemia, more and more of the potential leu- 
kemics die from other causes before leukemia appears, 
until finally only the very few that happen to survive 
other deaths beyond the average age have a chance 
to express their potential leukemia. The declining in- 
cidence of leukemia may be interpreted as a secondary 
result of the progressive delay in the time of appearance 
of leukemia due to increasing mother’s age. 
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Fic. 12.—Length of life versus mother’s age at parturition. 


Although the paternal influence upon longevity ap- 
pears to be nonspecific, an influence of mother’s age 
has been found that is highly specific for leukemia. 
The longevity of leukemics is progressively lengthened 
as the mother’s age increases. But the longevity of 
negatives does not change in accordance with mother’s 
age (Fig. 12). Thus leukemics from young mothers 
die, on the average, considerably ahead of the nega- 
tives, while the leukemics from old mothers may die 
even later than the negatives. This specific influence 
of mother’s age on longevity of leukemics appears 
within various subdivisions of the data, according to 
strain of nurse and the four family groups classified by 
the total percentage of leukemics, although with the 
smaller numbers irregularities appear in the curves. 

The influence that becomes increasingly potent with 
advancing age of the mothers appears primarily to 


The existence of a maternal factor that increasingly 
delays the appearance of leukemia as the mothers grow 
older, may very well be a peculiarity of strain StoLi 
and, as such, be genetically determined. But from the 
standpoint of the 2BC young, this influence is non- 
genetic, since the variations in mother’s age were de- 
termined by the experimental procedure and_ the 
mothers were presumably all alike genetically. 

The strain of the nurse controls another influence 
upon longevity that is genetic as far as the nurses 
themselves are concerned, but nongenetic from the 
standpoint of the second backcross mice. In compari- 
son with StoLi nurses, Balb nurses tend to lengthen 
life. This appears in the negatives when the paternal 
influence on longevity is largely eliminated by com- 
parison of the averages for each nurse strain within 
groups of families classified by fives in order of the 
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increasing average length of life of negatives (Fig. 13). 
When the sexes are separated, the males alone are 
found to show this nurse-strain effect. The same 
results are obtained when negatives are classified by 
mother’s age, without regard to family. The higher 
averages for Balb nurses in 7 of the 8 mother’s-age 
classes, are due to males. Leukemic mice, on the other 
hand, show a different effect of nurse strain (Figs. 
14A and 14B). The lives of both male and female 
leukemics are lengthened by Balb nurses, but this 
nurse-strain effect varies with mother’s age. It is most 
definite with youngest mothers, and as the mother’s 
age increases the effect is reduced in both sexes until 
it disappears. Indeed, the actual averages for points 
beyond mother’s age of 20 weeks are lower for Balb- 
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Fic. 13.—Length of life of negatives, within nurse strain 


length of life of negatives. 


nursed than for StoLi-nursed leukemics, giving the 
appearance of the 2 curves crossing. But the numbers 
tor old mothers and StoLi nurses are very small, so 
that this crossing is probably not real. 

The basis of an interpretation of the influence of 
Balb nurses in lengthening life is offered by the long 
recognized superiority of mice with Balb nurses. This 
has been demonstrated in terms of body weight and 
tail length in a current, fully controlled, foster-nursing 
experiment being carried out in this laboratory (12). 
This superiority lasts for some time after weaning, but 
by 9 months is entirely lost; the effect is greater in 
males than in females. 

That among negatives, males show the principal 
efect of the nurse strain on longevity, may be due to 
two rigidly sex-limited conditions that shorten lives of 
males, namely, fighting and an unidentified patho- 
logical picture involving dilatation of the bladder. It 
seems highly probable that the larger size of the males 
with Balb nurses was a factor in the establishment of 
bullies in the social stratification within a box in early 


and 


sexual maturity. Bullies dominated over the food and, 
being the aggressors in fighting, were seldom bitten 
or injured. The occurrence of the bladder trouble was 
definitely lower among males with Balb nurses. 

In the case of the leukemics, postponement of death 
may have resulted from the same Balb nurse influ- 
ence that lengthened lives of male negatives. But 
leukemia appears in both males and females, so that 
the nurse-strain effect was not limited to males. Since 
the age of leukemics is correlated with the age of the 
mother, it is clear that the greater lengthening of lite 
due to Balb nurses occurred among the earliest cases 
of leukemia and the effect diminished with increasing 
time, just as the nurse effect upon weight and tail 
length diminished with time. 
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sex, in families grouped by fives in order of increasing 


How far may the Balb nurse influence upon lon- 
gevity account for the higher incidence of leukemia 
associated with this nurse strain? By increasing the 
length of life of male nonleukemics, Balb nurses would 
be expected to increase the opportunity for leukemia 
to appear among males; and this, indeed, appears to 
have modified the incidence of leukemia. The most 
noticeable increase in the proportion of leukemics from 
Balb nurses as compared with StoLi nurses, is found 
within mother’s-age classes in the two groups of fami- 
lies with higher total incidence of leukemia; that 1s, 
the groups with 23 to 42 per cent and 17 to 22 per cent 
leukemics (Fig. 15). The nurse-strain differences in 
these groups are due primarily to males. But besides 
the conspicuous nurse-strain difference among males, 
the females show a nurse-strain difference that is smal] 
but fairly consistent for different mother’s ages in the 
three lower family groups. This suggests that the 
nurse-strain influence on the incidence of leukemia 
may operate through some other mechanism as well as 
through longevity. 
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Fic. 15.—Leukemia by nurse strain, within sex, leukemia group of families, and mother’s-age class. 
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Considering the nurse influence on leukemics: it 
Salb nurses delay death after leukemia has appeared, 
such lengthening of life should have no influence upon 
the incidence of leukemia. Indeed, no modification of 
the incidence of leukemia attributable to nurse-strain 
effect on longevity of leukemics has been found, al- 
though the lengthening of life of leukemics owing to 
mother’s age delaying the time of inception of the 
disease has a very definite effect on the incidence of 
leukemia. 

A difference in the longevity of males and females 
has been discussed in connection with the influence of 
nurse strain, but sex must be considered further as an 
independent modifier of longevity. StoLi nurses are 
responsible for greater sex difference in the negatives’ 
averages than are Balb nurses, but with Balb nurses 
the female averages are higher than the male, in the 
classification by families grouped according to the aver- 
age length of life of negatives (Fig. 13), as well as in 
the classification by mother’s age. Carrying the classi- 
fication by mother’s age one step further by separating 
the tour leukemia groups of families (Fig. 16), shows 
a persistent superiority of the averages for female 
negatives in all 8 pairs of curves. Among leukemics 
classified by mother’s age, a small superiority of the 
female averages is suggested within each nurse strain 
(Fig. 14 C-D). 

The sex difference in longevity appears primarily in 
longer lives of female negatives. This suggests a pos- 
sible interpretation of the higher incidence of leu- 
kemia among females. Females resist certain factors 
that shorten the lives of males, and in doing so permit 
more of the potential leukemics to develop leukemia. 

But the sex difference in the incidence of leukemia 
is considerably less clear and consistent than the sex 
difference in longevity of nonleukemics. A_ possible 
reason for this is suggested by the small sex difference 
that appears in the length of life of leukemics. To the 
extent that femaleness lengthened the life of leukemics 
by delaying the appearance of leukemia, the incidence 
of leukemia would not be increased by the longer lives 
of female negatives. This interpretation would not 
hold, however, if the slight difference in length of life 
of male and female leukemics were due to a difference 
in survival after the inception of the disease. 

The higher incidence of leukemia among females, 
then, would not indicate a special susceptibility of 
females for this disease, but rather a specific resistance 
of females to certain nonleukemic factors shortening 
lite. 

In this experiment, longevity of the second back- 
cross mice appears to be influenced by the genetic 
constitution of the father, by the age of the mother, by 
the strain of the nurse, and by sex. Each influence 
acts differently. According to the proposed interpreta- 


tion, the genetic paternal factor is nonspecific for leu- 
kemia, and resisting leukemia, as well as other causes 
of death, does not modify the incidence of leukemia. 
The nongenetic factor that varies with mother’s age 
is specific for leukemia and acts by delaying the time 
of appearance of leukemia, thus modifying the in- 
cidence of leukemia. The influence of one nurse 
strain is to delay death of male and female leu- 
kemics (which does not change the incidence of leu- 
kemia), and also to counteract certain nonleukemic 
conditions that appear in males (which increases the 
incidence of leukemia in males). The sex influence 
gives females greater resistance to certain causes of 
nonleukemic death, and so increases the incidence of 
leukemia among females; but this effect upon incidence 
seems to be partially counteracted by a slight resistance 
on the part of females to the appearance of leukemia. 

How effectively the incidence of leukemia 1s modified 
by longevity may depend upon the strength of the 
intrinsic leukemic tendency; that is, on the number of 
potential leukemics. If the genetic tendency is weak 
and the potential leukemics few, a considerable differ- 
ential change in length of life will make slight change 
in the incidence of leukemia; whereas if the potential 
leukemics are many, the reverse may be true. Thus 
the longevity influence associated with mother’s age 
has a striking influence upon incidence of leukemia 
in the families with strong leukemic tendency, and 
virtually none in the families with very weak leukemic 
tendency. Much the same relationship probably applies 
to the nurse-strain effect. It should be noted that the 
present interpretation of the role of longevity differs 
trom Dr. Gowen’s preliminary interpretation (11), 
which credited all the longevity influence to genetic 
differences between fathers. 

Finally, however great or small may be the secondary 
modifications of the incidence of leukemia by factors 
regulating the length of life, there remain differences 
between the groups of second backcross families that 
appear to be primary in determining the leukemic 
tendency. The numbers of leukemics do not accu- 
rately represent the genetic differences between indt- 
vidual familics, since these differences are blurred 
by the unequal distribution of longevity factors and 
of other variables; but the percentage of leukemucs 
per family represents the genetic constitution ot the 
father well enough for groups of families classified on 
this basis to reveal transcending differences. 


GENERAL DISCUSSION 


The primary purpose of this investigation was [0 
test for genetic diversity a generation in which the 
segregation of genes modifying the incidence of leu- 
kemia would take place if such genes existed. Such 
genetic diversity has been found. The leukemic te? 
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dency was contributed by one single grandfather; it 
was transmitted through the F, fathers and it appeared, 
in the first backcross, the generation in which the 
segregation of genes took place, in diverse intensities 
in different individuals. The implication of genic 
action is clear. 

In a broad sense all genes act by providing suscepti- 
bilities for the occurrence of certain events, whether 
the event is the development of a given hair pigment, 
or of leukemia. In all cases certain other requirements 
are necessary for the accomplishment of the terminal 
event. Even if it be said that genes influence the 
incidence of leukemia merely by providing suscepti- 
bility to a special stimulus, this by no means removes 
leukemia from the category of other inherited traits. 
To know precisely how any gene directs the course of 
events is one of the outstanding problems of genetics, 
and will probably long remain outstanding. To pre- 
tend to say how genes, whose identity is still unknown, 
lead to leukemia would be unwarranted. 

Considering leukemia as a disease, it would seem 
logical to assume a specific pathogen to cooperate in 
the action of the genes; considered as a defect in devel- 
opment, the assumption of a pathogen seems as un- 
necessary as it does for hundreds of other inherited 
defects in development. According to Potter's in- 
terpretation (8), based on the study of transplanted 
leukemias, the malignancy of leukemia and_ possibly 
of other neoplasia is the result of a depression in the 
rate of differentiation, which accumulates immature 
cells. Neither the fact that leukemia appears late in 
ontogeny, nor the fact that its first 
localized, can be said to remove it trom the class of 


appearance 1S 


developmental defects. For example, a gene is. re- 
sponsible for dwarfism in mice, and yet its action does 
not become manifest until after all organs are formed 
and the animal has been an independent individual 
for 2 or 3 weeks. The difference in the 2 cases is not 
the fact of delayed action, but the amount of the 
delay. Further, the gene for dwarfism acts by sup- 
pressing eosinophils—not throughout the body, but 
locally in the anterior pituitary gland. 

The operation of extrinsic factors in the occurrence 
of leukemia has long been recognized. -Such factors 
decide which of the genetically equivalent individuals 
in the first hybrid generation of a cross between 2 con- 
trasted inbred strains develop leukemia. Until the 
identity of such factors is established, the possibility 
that among these a specific pathogen is included can- 
not be denied. Unexpectedly, this experiment has 
brought to light certain of these factors, and sugges- 
tions have been made as to possible modes of their 
operation, But at no point is the assumption of a 
specific pathogen required. 

The most definite and seemingly specific extrinsic 


factor discovered is the age of mothers from the non- 
leukemic strain at the birth of the young—or, more 
accurately, some factor that varies with the age of 
these mothers. This is apparently the first time that 
such an influence upon the incidence of malignant 
growth has been reported. The field for speculation 
on the nature of this influence is almost unlimited. 
Chemical and physiological changes occur with in- 
creasing age. Mice reproduce before they have at- 
tained full size. Is this resistance a natural trait whose 
expression depends on a slowly developing chemical 
maturity? The influence might be imparted to the 
young through the egg cytoplasm and through the 
placental circulation and even through the first milk. 
sittner (1) has suggested that during the life of the 
cancerous nurse the milk factor for mammary cancer 
in mice may increase in concentration, as might a 
virus. But this would not explain the increasing 
potency of an influence that withstands a natural ten- 
dency to leukemia in the offspring. Whatever its 
nature, this factor might well account for the difference 
in incidence of leukemia between reciprocal matings 
of the 2 purebred strains herein employed. The higher 
incidence, when mothers came from the leukemic 
strain, gave the impression of a maternal influence 
that enhances leukemia; but the difference in reciprocal 
matings could be equally well interpreted by a maternal 
influence from the nonleukemic mothers that resists 
leukemia. According to this, the use of the youngest 
possible mothers from the nonleukemic strain would 
be expected to reduce, if not eliminate, the difference 
in reciprocal matings. 

While a relationship specifically with leukemia seems 
at present clear enough for the mother’s-age factor, it 
is easy to suppose specificity when it does not exist. 
When the influence of nurse strain was first recognized, 
the supposition of some specific milk factor, compar- 
able to that for mammary cancer in mice, seemed 1n- 
evitable, whereas at present the nurse-strain difference 
appears to be highly nonspecific and due primarily to 
the accidental presence of certain sex-limited, nonleu- 
kemic conditions shortening life. Similarly, a small 
excess of leukemics among females does not mean a 
specific susceptibility of females. 


SUMMARY 


With the increasing knowledge of active agents re- 
lated to tumors and separable from genes, the ques- 
tion of the role of genes in the apparent hereditary 
transmission of tendencies to spontaneous malignant 
growths becomes more critical. If genes are involved, 
the individuals in a generation in which the reassort- 
ment of ‘genes takes place should have genetically 
diverse tumor tendencies. 

Females from an inbred low leukemia strain were 
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mated, (a) with a single male from an inbred high 
leukemia strain, (b) with 7 of the F, sons, and (c) 
with 50 of the backcross grandsons. Each ot the 50 
backcross males was described in terms of the inci- 
dence of spontaneous leukemia among approximately 
50 of its second backcross offspring (total, 2,677 diag- 
nosed autopsies). With the aid of nurses from another 
supposedly low leukemia strain, all these mice were 
raised in the same season of the same year. The inci- 
dence ot leukemia in these 50 families ranged from 
() to 42.8 per cent, with a mode at 17 to 20 per cent. 

This variation between families far transcends the 
variation caused by certain extrinsic influences not 
equalized by the experimental procedure, and consti- 
tutes evidence that the fathers of the first backcross 
were genetically diverse, as the result of the segregation 
of genes influencing the incidence of leukemia. 

The study of other variables revealed a complex 
interrelationship of influences modifying the length of 
life, with differing effects upon the incidence of leu- 
kemia, as indicated in the following suggested inter- 
pretation. One influence, which varied according to 
the backcross father, lengthened the lives of leukemics 
and negatives without changing the incidence of leu- 
kemia. Nurses of one strain lengthened the lives of 
male negatives and raised the incidence of leukemia 
among males. This same nurse influence, acting on 
leukemics, lengthened the lives of both males and 
females, especially those that early manifested the 
disease, without thereby changing the incidence of 
leukemia. Femaleness lengthened life by resisting cer- 
tain nonleukemic causes of death, thereby increasing 
tor females the opportunity for potential leukemics to 
appear. But the sex difference in incidence was less 
consistent than the sex difference in length of life of 
negatives, because femaleness, to a smaller extent, also 
resisted leukemia. The increasing parturition age of 
the mother progressively delayed the appearance of 
leukemia, without influencing other causes of death, 
with the result that more and more of the potential 
leukemics died from other causes and the incidence of 
leukemia fell as the mother’s age increased. Youngest 
mothers revealed most accurately the potential leu- 


kemics, and the evidence of genetic differences be- 
tween the second backcross families depends on young 
mothers; for the oldest mothers virtually eliminated 
leukemia, whatever the genetic tendencies of the 
family. 
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Investigations into the inheritance of spontaneous 
mammary carcinoma in mice have been extensively 
carried out, principally by American workers, who 
were the first to realize the importance of using inbred 
strains. Early work (16, 20) showed that a nongenetic 
extrachromosomal influence derived from the maternal 
stock was the most important factor in determining 
the mammary tumor incidence in the offspring, but 
more recently W. S. Murray (19) and Andervont 
(2, 3) have demonstrated that genetic (chromosomal ) 
factors also play a definite part and control the degree 
of susceptibility to the extrachromosomal influence. 
Bittner (4) has proved that the extrachromosomal 
factor is contained in the maternal milk, but considers 
(8) that the susceptibility of the mammary gland to 
the factor has a genetic basis. Later investigations have 
been conducted to elucidate the nature of the milk 
influence, and an extensive literature has grown up 
round the subject, of which excellent summaries have 
appeared in publications by Andervont (1) and by 
Bittner (7, 9), and to these the reader is reterred. 

Unrelated inbred strains have been shown to have 
different susceptibilities to the extrachromosomal influ- 
ence and to differ in the concentration of that influence 
transmitted by the mother (19). The present com- 
munication records experiments with 3 inbred strains, 
Simpson (high mammary cancer incidence), Edin- 
burgh, and Strong’s CBA (both low mammary tumor 
strains), of which only the last has been used in the 
American experiments. 

In 1931 Simpson strain males had been mated with 
Edinburgh strain females to discover whether males 
could transmit the genetic factors for high mammary 
cancer susceptibility. No mammary tumors appeared 
in F,, but in F, there were 2 amongst 158 females and 
it was erroneously concluded that susceptibility was 
inherited as a recessive character (24). To prove this 
it was decided to backcross F, males to Simpson 
temales, but as none of the original Simpson-Edin- 
burgh hybrids were available by that time ( March, 


*'This work was carried out under a grant from the British 
Empire Cancer Campaign. 

+ Because of the difficulties of international communication the 
authors have not read proof of this article. 
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1933) more had to be provided. For convenience the 
cross was carried out in the reciprocal direction, i.c., 
Edinburgh males were mated with carcinomatous 
Simpson females, and the F, males from this cross 
were backcrossed to carcinomatous Simpson females, 
commencing in December, 1933. 

Meanwhile the important communication by the 
staff of the Roscoe B. Jackson Memorial Laboratory 
was published (26), to be followed by more detailed 
reports by Murray and Little (20, 21) and the inde- 
pendent work of Korteweg (16) in 1936. In conse- 
quence, it was decided to extend the hybridization ex- 
periments; two pairs of the CBA strain were obtained 
and inbreeding was begun in this laboratory. The 
CBA strain is much healthier than the Edinburgh and 
the mice are more: prolific breeders. The strain was 
used in an extensive series of hybridization and back- 
cross experiments with the Simpson mice, following 
the plan of the experiments of Murray and Little (20). 


THe PAareNT STRAINS 
A. SIMPSON 


The history in this country of this high mammary 
tumor stock has been described (18). Between 1934 
and the present time there has been a fall in the total 
incidence of mammary tumors (Table I), which may 
be partly due to the loss through sterility of those lines 
with the higher tumor incidences. The highest inci- 
dence observed in any one line during a period of 
years was over 80 per cent. It should be noted that, 
unless otherwise qualified, the word “tumor” through- 
out this paper refers only to mammary adenocarcinoma. 

Mammary tumors may appear slightly earlier in 
breeders than in nonbreeders (Table II), but there 1s 
no evidence that breeding increases the tumor inct- 
dence; in fact, an analysis of females of tumor age 
shows a higher percentage incidence of tumors 
in virgins than in breeders in 5 of 7 inbred lines 
(Table III). 

In the following experiments, only Simpson tumor- 
bearing females, from which the tumors had been 
removed, were bred from: this was necessary because 
the strain had. not been inbred sufficiently long, at that 
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TasBle I: Data or MammMary Tumor INCIDENCE IN THE THREE INBRED PARENT STRAINS 








No. of Incidence 
. females of mammary Average age (months) 
_ source of of tumor tumors, --—~—-- 
Strain information age per cent Cancer Noneancer 
Edinburgh 
Sub-strain EF: Crew (12) | 0.0 pial R 8 
Pybus and Miller (24) 6% 0.0 sp Des 135.3 & 4.3 
Sub-strain FE» Miller and Pybus (18) S00 9.5 17.9 20.4 
Simpson Pybus and Miller (23) 33% 53 13.8 = 3.9 10.9 
Miller and Pybus (18) 1,757 42.0 14.5 16.7 
Present hybridization ex- 
periments /9* 100.0 10.2 
Lines used in fostering 
experiments 4&2 69.5 
CBA Strong (27) rs he 2.8 fee ae 
Strong (28) 124 * 3.2 679.5 days 502.4 days 
Strong (29, 30) 44° 1+.6 655.6 days 639.5 and 
708.2 davs 
Gorer (15) +3 0.0 aces es 
Miller and Pybus (18) 205 5.4 27.2 29.3 
Present data 256 5.1 27.8 29.3 
sittner (4) 10.0 Pa 
sittner and Little (11) 125” 13.5 21.0 28.0 7 
Gardner( 14) 17 70.0 282-760 davs 
Breeders only, 
y Ave at death of mice with lung tumors ( = 8.7 per cent of total number of mice). (Bittner [5].) 


Taper Tl: Tour kereer o- BREEDING ON MAanimMaAry Tumor AGE 
IN THE SIMPSON STRAIN 


No. of Mean tumor age 
(lass of mice mice (months) 


Breeders (including 20 females that 
had. and reared, only 1 Jitter) 114 13./ = 44 
Nonbrecders 


(a) Including I& females that ate 


thar only Jitters at birth 156 14.1 = 3.2 
(b) Including only those females 
that did not breed 13% 14.0 & 3.3 


Taper Tl: Tne Erreer or BREEDING ON THE IN¢E 


] Z 

Number of breeders 37 43 
Number of virgins +0) 26 
Percentage incidence of mammary 

tumors in breeders 64.9 67.4 
Percentage incidence of mammary 

tumors in virgins 72.5 $0.8 
Total percentage incidence of mam- 

mary tumers (virgins and breed- 

CFS ) 68.8 i209 
time, to be homozygous. This necessarily retarded the 


work, since in the first place, although tumors ap- 
peared regularly they came in small numbers; secondly, 
only the younger tumor mice could be used, the ma- 
jority of tumor animals being beyond breeding age; 
thirdly, many either did not breed or else ate their 
litters: and finally, relatively few litters were produced 
by each mouse before there was either a recurrence or 
4 new tumor, or else the animal died from natural 


causes. The selection of only the younger tumor mice 
explains the much lower average tumor age in this 
series (Table 1). The male parents were selected only 
trom those of which either the mother or grandmother 
was a tumor mouse. 


B. EpINnBURGH 


This low mammary tumor strain came from Pro- 
tessor Crew, of Edinburgh. Mice from the fifth to 
ninth inbred generations were used in the first experi- 


IDENCE OF MAnimMARY TUMORS IN THE SIMPSON STRAIN 


Average 


Inbred lines tumor 
" ENT aareeeeneemenenes incidence, 
3 4 5 6 / per cent 
39 3/ 34 3! 37 
29 26 29 37 29 
70.0 73.0) 79 4 66.7 62.2 6&8 
72.4 &()_ 62.1 62.2 65.5 70.4 
70.6 76.2 71.4 64.5 63.6 69.5 


ment (H,), and in the early part of the second (H.). 
At that time the original line (E,), in which no mam- 
mary tumors had appeared, died out; 2 or 3 litters 
were obtained from some members of the strain that 
had been kept as stock without close inbreeding, and 
from these an inbred strain (E.) has been built up. 
This is now in its 20th generation, but to complete the 
hybrid experiment (H.) males of the first and second 
generations only were used. 
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Mammary tumors appear in breeders and non- 
breeders in equal numbers, the incidence in the earlier 
generations being 7 per cent, with individual line 
variations between 0 and 20 per cent. The incidence 
has fallen in later generations to 5.5 per cent (Table I). 
The age at death of tumor mice in E, is much greater 
than that of nontumor mice in E,; this might account 
for the difference in incidence between the two 


substrains. 
C. CBA 


This is generally regarded as a strain with a low 
incidence of mammary carcinoma and the present 
figures for this laboratory support that conclusion. 
Table I shows the incidences recorded from different 
laboratories, from only one of which (14) is it de- 
scribed as a high tumor strain; a possible explanation 
of this is given by Bittner (9), who suggests that that 
particular substrain has acquired the tumor-producing 
milk influence, probably by mutation. 

In this laboratory most of the females have been 
kept as virgins, only 92, rather more than one-third, 
having been bred from; only 2 of the 13 mammary 
tumors have appeared in breeders, however, showing 
that in this strain, as in the other 2, breeding is not 
essential for the production of mammary tumors. 

The strain has been used in America in hybridizing 
and fostering experiments (6, 11, 26). Inbred in this 
laboratory since 1935, it replaced the Edinburgh strain 
in the hybridizing experiments on account of its 
greater degree of homozygosity, and also because CBA 
mice are healthier, and better breeders. 


THE Hysrip STRAINS 
A. SIMPSON-EDINBURGH CROSSES 


The mammary tumor incidences and ages in these 
crosses are shown in Table IV. In this table, as in 
others, the figures include all mice dying at 6 months 
of age and over. The “cancer age” is the age at which 
tumors appeared; the “noncancer age,” the age at death 
of nontumor mice. 


Experiment 1.—The first experiment (H,) has been 
described (24). It was carried out as a group experi- 
ment and tumor ages of individuals are not known 
exactly. Five Simpson males of the first generation, 
sons of a tumor female, were paired with 5 Edinburgh 
females of the fifth inbred generation. No tumors 
appeared in F,. All the F,; mice were bred from, 
although not all were mated brother to sister. None of 
the F. mice were bred from; there were 2 tumors in Fs. 


Experiment 2.—In the second experiment (H.), the 
male parents in section A were 5 E, mice from genera- 


ee 


tions 6, 8, and 9; these were mated with 3 tumor- 
bearing Simpson females belonging to the third, fourth. 
and fifth generations. Close inbreeding in the Simpson 
strain was not begun until the fifth generation, but 
this is compensated for by the use of tumor-bearing 
mice. The tumors were removed between the ages of 
9 and 16 months (average 11.9). All the F, and F, 
females were bred from by brother-sister matings, and 
the F. mothers were allowed to rear their young. 
Many F, males were killed early on account of space 
considerations, and only those over the age of 6 months 
are included in Table IV. 

In section B, 7 males of the first and second genera- 
tions of the substrain E. were mated with 10 tumor- 
bearing Simpson females; the latter belonged to gen- 
erations 3 to 6 and their tumors were removed at 
ages of from 8 to 19 months (average 11.6). The F, 
and F. females were all bred from, but F. was not 
kept; F. males were killed young and not included in 
the records. 

The difference between the tumor incidences in H, 
and Hy, is clear cut (Table IV): the incidence is higher 
when the mother belongs to the high incidence strain. 
There is also a distinct difference between the two 
sections in H,, which cannot be due to the high tumor 
strain females since, although the strain at that time 
was admittedly not homozygous, the females all bore 
tumors. It is concluded that these experiments show 
the effect of a chromosomal influence on the tumor 
incidence by the males of the two substrains, E, and 
E., in addition to the extrachromosomal influence in- 
troduced by the Simpson females. 

If the figures for the two sections in Hz are taken 
together, it is found that there is a tumor incidence 
of 47.5 per cent in 59 F, females and 47.1 per cent 
in 329 F. females. 

In both sections of H. there is a difference in tumor 
incidence in F., according to whether the F, mother 
was tumorous or nontumorous. Thus, in section A, 
the two F, tumor mothers had 20 daughters, of which 
9 had tumors, an incidence of 45 per cent; the non- 
tumor mothers had 105 daughters, of which 23 had 
tumors, an incidence of 21.9 per cent. In section B, 
26 F, tumor mothers had 94 daughters, of which 67 
had tumors, an incidence of 71.3 per cent; while the 
nontumor mothers had 110 daughters, of which 56 
(50.9 per cent) developed tumors. 


Experiment 3.—The third experiment, B,, concerns 
the backcross of H.F, males to Simpson females. In 
the first section, 8 tumorous Simpson females between 
9 and 17 months old (average 13 months) and belong- 
ing to generations 3 to 6, were mated with 3 HF: 
males from section A (with E, fathers). All the 
females of the first generation were bred from, but 
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those of the second generation were kept as virgins; 
males of the second generation were killed early. 

In the second section 6 H2F,; males (from E, 
fathers) were paired with 11 tumorous Simpson fe- 
males 9 to 19.5 months old (average 13 months), be- 
longing to generations 6, 7, and 10. Three pairs pro- 
duced males only. All the first generation but none 
of the second generation females were bred trom; 
no males of the second generation were kept. 

When the totals for the two sections are combined 
the tumor incidence in 47 first generation females 
is 53.2 per cent, and in 204 second generation females 
it is 49.5 per cent. There is a small difference in the 
incidences 1n the two sections, which confirms the 
result of the previous experiment; hybrids with E, 
chromatin are more susceptible than those with E, 
chromatin. Breeding has no appreciable constant effect 


former. In the hybrids between the 2 strains, tumor 
age is, on the whole, intermediate but tends to ap- 
proach the Edinburgh figure. A comparison between 
the first generations of H, and By, shows very little 
difference in tumor incidence in those crosses derived 
trom E., despite the fact that in By, there is a greater 
concentration of high tumor chromatin and extra- 
chromosomal influence (from the Simpson mothers); 
tumors, however, appear much earlier in By, (section 
B). A comparison of the H. and By, crosses derived 
trom E, shows that the greater concentration of Simp- 
son maternal (extrachromosomal) influence in Bx, has 
produced a much higher incidence of tumors, although 
at a much later age in F,. When the combined results 
tor both sections of H. are compared with the com- 
bined By results, there is a slightly higher tumor inci- 
dence in the backcross. 








TABLE IV: Mammary Tumor INCIDENCE AND AGE IN HYBRIDS BETWEEN SIMPSON AND EDINBURGH STRAINS 
Incidence 
of mammary 
tumors Average age (months) 
Experi- No. of pose y “~ 
ment Parents (;eneration females No. / Cancer Noneancer 
l. Hi E:2 x Sd Fi (b.) 26 0 0.0 11.9 + 4.9 
F. (n.b.) 15% 2 1.3 13-24 ae 
2. He (A) S? & Eid F, (b.) 15 2 13.3 17.3 18.2 
F. (b.) 125 32 25.6 17.8 16.7 
(B) S? * E.d F, (b.) 44 26 59.1 16.4 18.4 
F. (b.) 204 123 60.3 16.0 20.9 
3. Ba (A) S2 * SE:Fid Fi (b.) 21 10 47.6 21.2 21.0 
F. (n. b.) 95 36 37.9 17.8 22.1 
(B) S? 4 SE:Fi¢ Fi (b.) 26 15 57.7 14.2 17.2 
F. (n.b.) 109 65 59.6 15.9 15.9 


S—= Simpson; E 


on either tumor incidence or tumor age, as is shown 
by comparing the figures for the first generation 
(breeders) with those for the second generation (non- 
breeders) in both sections. 

If the second generation tumor incidence in this 
experiment is analyzed according to whether the first 
generation mothers were tumorous or nontumorous, 
it is found that 10 first generation tumor mothers in 
section A had 44 daughters, of which 24 were tumor- 
ous, an incidence of 54.5 per cent; while 11 non- 
tumor mothers had 51 daughters, of which 12 devel- 
oped tumors, an incidence of 23.5 per cent. This differ- 
ence is not evident in section B, where there seemed 
to be more tumors in the offspring of first generation 
nontumor mothers. The figures are as follows: In 66 
second generation females from 15 tumorous mothers 
there were 36 with tumors, an incidence of 54.5 per 
cent; but in 43 second generation females from 11 
hontumor mothers there were 29 with tumors, an 
incidence of 67.4 per cent. 

Edinburgh mice live longer than Simpson mice and, 
on an average, mammary tumors appear later in the 


- Edinburgh (sub-strains EF, and E.); b= breeders; n. b. = 


nonbreeders. 


Bb. Stmpson-CBA Crosses 


Table V gives the tumor incidences and ages in 6 
crosses between the Simpson and CBA strains. 


ixperiment 4.—In the first cross (H,), 16 CBA 
temales of generations | to 4 were mated with Simp- 
son males and allowed to raise as many litters as 
possible. The males came from generations 8 to 15, 
by which time the strain had been strictly inbred 
for 3 to 9 generations; 12 males had carcinomatous 
mothers, and 4 had tumor-bearing grandmothers. Two 
of the CBA females developed mammary tumors at 
21 and 23 months, and neither they nor their off- 
spring are included in the results given in Table V, 
but the figures are of interest for comparison: In 
their 15 hybrid daughters the tumor incidence was 
33.3 per cent and the average tumor age 15.3 months; 
nontumor mice died at an average of 20.5 months. 
Tumor incidence is therefore the same as that found 
in the F, hybrids trom tumor-free CBA mothers, as 
might be expected for a strain in which only sporadic 
noninheritable tumors occur (10). 
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The average age at death of the nontumor CBA 
mothers was 21.1 months. Of the 102 F, females from 
these mothers, 31 were bred from, mainly to provide 
the backcross generations in the subsequent expert- 
ments (B,, B., and B.,); 71 were kept as virgins. The 
tumor incidences were 29 and 31 per cent respectively; 
thus breeding did not increase the incidence. The F. 
generation is small because only 4 F, females had been 
bred from when it was decided that there was not 
sufficient accommodation for extensive breeding, and 
because it had been clearly demonstrated by that time 
that tumor incidence was not affected by breeding. 
l‘or these reasons, no F. mice were bred from in these 
experiments, and neither were the mice of the first 
backcross generations (with the exception of 3 in B,). 
Of the 17 F. females, 2 families came from cancerous 


Tapte Vi: Maneary Tumor INcIpENCH 

Ixperi- 

ment Parents (;eneration 

4. H; C2 * SJ KF, (b: n.b.) 
F. (n.b.) 

5. He Ss? * Cd F, (b: n.b.) 
F, (n.b.) 

6. By CSKi2 & Sob F, (n.b.) 

7. Ba S? * CSF:¢ F, (b: n.b.) 
F, (b; n.b.) 

8. Bz CSFi2 K Co F, (n.b.) 

9. Ba SCKi2 & CF Fi (n. b.) 


S = Simpson; C = CBA; b= breeders: n. b. = nonbreeders. 
F, mothers and had a mammary tumor incidence of 
69.4 per cent (9 of 13 mice); 2 families came from 
nontumor females and had a tumor incidence of 
0 per cent (0 of 4 mice); the combined incidence of 
52.9 per cent is given in Table V. Larger numbers of 
mice would be required to confirm this difference. 


Experiment 5.—In the reciprocal cross, H,, 21 Simp- 
son females belonging to inbred generations 2 to 7 had 
mammary tumors removed between the ages of 8 and 
13 months (average 9.3 months) and were paired with 
5 CBA males from generations 1 to 4. Two of the 
Simpson mice had previously been mated with their 
brothers and the resulting litters of 7 and 2 mice had 
a tumor incidence of 100 per cent. Of the 56 F;, 
females, 48 were bred from, some being used in back- 
cross 4 and allowed to breed freely, the rest, 30 in 
number, providing 2 litters each for F,. Tumor 1n- 
cidence was 91.7 per cent in the 48 breeders and 62.5 
per cent in the 8 nonbreeders; the average tumor ages 
in the two classes were 15.6 and 15.4 months, non- 
tumor mice dying at averages of 16.8 and 19.3 months 
respectively. In view of the small number of non- 
breeders it is doubtful whether the lower incidence is 


significant, and in Table V the combined figures for 
the two classes are given. 

Of the 30 F, females bred trom tor F., 28 were 
cancerous; these produced 160 daughters, ot which 7( 
per cent developed tumors at an average age of 17 
months, the nontumor mice, 42 in number, dying at 
an average age of 19.4 months. The 2 nontumor F, 
females had 6 daughters; in these, the tumor incidence 
was 66.7 per cent at an average age of 21.8 months. 
two dying noncancerous at 25.3 months. Apart from 
the difference in tumor age, the difference in incidence 
in the two classes is not significant and the figures are 
combined in Table V. 


Experiment 6.—For the first backcross experiment, 
B,, 14 H,F, temales from experiment + were used. 


AND AGE IN HYBRIDS BETWEEN SIMPSON AND CBA Strays 


Incidence 
of mammary 


tumors Average ave (months) 








No.of , Y ——_ ~ — - 

females No. Wi Cancer Nonecancer 
102 3] 30.4 1s.] 20.3 
17 Y 52.9 16.6 18.3 
56 49 $7.5 15.6 17.9 
166 116 69.9 if a 19.7 
169 76 45.0 16.6 20.7 
42 39 78.6 15.8 14.6 
24 12 50.0 14.4 12.5 
135 13 9.6 21.9 26.6 
16] 93 57.8 19.9 24.2 


Four of these developed mammary tumors (average 
age 18.0 months) and 10 died without tumors (average 
age 18.7 months). These were mated with 10 Simpson 
males from inbred generations 4 to 7; 2 males had 
tumorous grandmothers, and the remaining 8 had 
tumorous mothers. None of the backcross mice were 
bred trom; all (including males) died naturally. 

The tumor incidence for the whole backcross genera- 
tion is given in Table V, but an analysis shows that 
more tumors appeared in the offspring of cancerous H; 
mothers. Thus 4 tumorous mothers produced 53 
daughters, in which the percentage incidence of 
tumors was 56.6; the average tumor age was 174 
months, and the average age of those dying non- 
cancerous was 21.7 months. Ten nontumorous mothers 
produced 116 daughters, with a percentage tumor 1n- 
cidence of 39.7; the average tumor age was 16 months 
and the average age of those dying without tumors 
20.4 months. 


Experiment 7.—In the second backcross experiment, 
B., 25 Simpson females of inbred generations 3 to 16 
had mammary tumors removed at ages of 5 to 1) 
months (average 10.4 months) and were subsequently 
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paired with 19 H,F, males. Of the latter, 4 came 
from the carcinomatous CBA mothers used in the H, 
experiment, and their offspring are omitted trom 
Table V; they had 12 daughters, with a tumor inci- 
dence of 50 per cent, the average tumor age being 
15.9 months and nontumor mice dying at an average 
age of 18.3 months. This incidence is low compared 
with the high incidence of 78.6 per cent found in 
backcross mice from hybrid descendants of noncancer- 
ous CBA mice (Table V) and provides further proof 
that CBA mammary tumors are of the noninherited 
type. When the two classes of backcross mice are com- 
bined, the incidence in 54 females is 72.2 per cent; 
tumors appeared at an average age of 15.8 months, 
nontumor mice dying at an average age of 16 months. 

Three only of the backcross females were bred 
from; they all had noncancerous CBA grandmothers. 
Two developed tumors, and in their 19 daughters there 
was an incidence of 57.9 per cent, the average tumor 
age being 15.1 months, and nontumor mice dying at 
an average age of 12.3 months. The third backcross 
female was nontumorous; she had 5 daughters, one of 
which (20 per cent) developed a tumor at 12 months, 
the others dying tumor-free at an average age of 13.1 
months. Although the numbers are small, these results 
suggest that the daughters of cancerous backcross mice 
are themselves more susceptible; had the tumor-free 
mice lived longer, the incidence would probably have 
been higher. Table V gives the combined figures for 
the two classes. Four of the second generation females 
were bred from (accidentally), but the third genera- 
tion was not kept; 2 of the 4 developed tumors, and 


? were tumor-free. 


kxperiment 8.—In the third backcross experiment, 
b., 14 H,F, females (from experiment 4) were paired 
with 12 CBA males; the males came from generations 
| to 4, and had no history of mammary carcinoma 
amongst their parents. Two of the H, mothers came 
trom the carcinomatous CBA females but were them- 
selves tumor-free; of their 22 backcross daughters, 
omitted trom the table, only 1 was carcinomatous 
(an incidence of 4.5 per cent) at 20 months. Eight 
ot the remaining H, mothers were nontumorous and 
+ were cancerous; the data for their 135 offspring are 
given in Table V, but if they are divided into the two 
classes, tumorous and nontumorous mothers, the fol- 
lowing results are obtained: The tumor mothers had 
+] backcross daughters in which the tumor incidence 
was 22 per cent; the average tumor age was 22.2 
months, nontumor mice dying at 26 months: the non- 
tumor mothers had 94 backcross daughters, with a 
tumor incidence of 5.3 per cent; tumors appeared at 
an average age of 21.2 months and nontumor mice 
died at an average age of 24.7 months. The differ- 


ence in incidence in the two classes supports the 
conclusion reached in the first backcross experiment, 
that the offspring of cancerous H, mothers have a 
higher cancer susceptibility than the offspring of non- 
cancerous H, mothers. 


Experiment 9.—In the fourth backcross experiment, 
34, 18 H.F, females from experiment 5 were paired 
with 8 CBA males from generations 1 and 2; the 
latter had no cases of mammary carcinoma in their 
ancestry. The Hz, females all had cancerous Simpson 
mothers; 16 of the 18 had mammary tumors and 2 
were noncancerous, but when their backcross offspring 
are tabulated in two classes it is found that the tumor 
incidences are practically the same, namely 57.7 and 
58.3 per cent; the combined figures are given in 


Table V. 


DwurRATION OF LIFE IN HyBrips AND BACKCROSSES 


The average length of life of mice of an inbred 
strain is as characteristic as the tumor incidence or any 
other distinguishing feature of the strain, and as a 
general rule the longer-lived strains tend to develop 
tumors later than those with shorter lives. The Simp- 
son strain is relatively short-lived, and the majority of 
mammary tumors develop when the mice are from 10 
to 14 months old; the CBA strain was bred by Strong 
for long life and still retains that character, the aver- 
age mammary tumor age being about 2 years; the 
Edinburgh strain is intermediate in both features. 

Examination of the average tumor ages in these 
experiments shows that the hybrid and backcross gen- 
erations are intermediate to their parent strains in this 
respect. In most of the experiments the nontumor mice 
lived beyond the average tumor age, so that full op- 
portunity occurred for tumor formation; the exceptions 
were the second backcross experiment (Experiment 7 ) 
and F, of Experiment 2 (substrain E,). The differ- 
ence in incidence between hybrids derived from E, 
and those derived from E, cannot be accounted for by 
a decided difference in length of life; in fact, in B, 
(Experiment 3) the E, hybrids (lower tumor inci- 
dence) lived several months longer than the E, hy- 
brids. Similarly, in the Simpson-CBA hybrids, H,F; 
mice lived longer and developed tumors later than 
H.F,, yet the tumor incidence in the former was 30.4 
and in the latter 87.5 per cent; B, (with a tumor inci- 
dence of 45 per cent) was much longer-lived than B, 
(tumor incidence 78.6 per cent); B; (with the lowest 
tumor incidence, 9.6 per cent) had the longest life 
of the hybrid strains, and nontumor mice lived on an 
average 5 months beyond tumor age. Yet even in Bz 
the duration of life did not reach that which is chas- 
acteristic of the parent CBA strain. 
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In 3 cases out of & F. had a lower incidence ot 
tumors than F,; in two of these—B, (E,), and H:, 
(CBA)—nontumor mice lived beyond tumor age and 
had ample opportunity to form tumors, but in the 
third, B., both hybrid generations died young, and it 
is probable that the F, tumor incidence would have 
been higher had the mice reached their normal life 
span. A lower incidence in F, is recorded by Murray 
and Little (21). 


OrHer Types oF NEOPLASIA IN THE HyBrID AND 
BacKcross STRAINS 


Since the parent strains produce a variety of neo- 
plasms other than mammary, it is not surprising 
that an even greater variety occurred in the hybrids 
and backcrosses. Those found most frequently were 
lung adenoma, lymphadenopathy, hemangioma, hepa- 
toma, and bone tumors; the incidences of these are 
given in Tables VI and VII (a and 8), which include 
all animals of both sexes living to tumor age. The 
incidences within each parent strain vary rather widely 
with the different pure lines, and the limits of varia- 
tion are shown. There is little difference between the 
parent strains as regards the incidence of lung adenoma 
or of lymphadenopathy; on the whole there is least 
lymphadenopathy in the CBA strain. The hybrid and 
backcross generations afford no evidence of maternal 
inheritance of lung adenoma, and although there is a 
suggestion of the phenomenon regarding lymphadenop- 
athy in the Simpson-CBA crosses (CS hybrids have 
a higher incidence than SC hybrids, for some reason, 
and B., with CS mothers, has a higher incidence than 
B,, with SC mothers), it would be difficult to show it 
definitely in material that has such a wide range ot 
variation within the parent strains. An extrachromo- 
somal type of inheritance for leukemia was discovered 
by MacDowell and Richter (17, 25), and confirmed by 
Furth, Cole, and Boon (13). 

The Edinburgh strain had the highest incidence 
of hemangiomas at the time of these experiments (the 
incidence has dropped very greatly in recent years); 
in the CBA they were more than 3 times as frequent 
as in the Simpson strain. There is no evidence in the 
hybrids of any maternal inheritance of this neoplasm. 

CBA mice have a relatively high incidence of hepa- 
tomas; none have been found in the Simpson strain. 
In the CBA strain these tumors occur much more 
often in males than in females; recent figures tor the 
incidence in 514 mice aged 13 months and over are 
41 per cent in males and 27 per cent in females. Hepa- 
tomas are found in all classes of hybrids and _ back- 
crosses between the two strains, and in every case 
they are more frequent in the males (Table VIIa). It 
should be noted that the figures in this table are based 





on all mice dying at the age of 6 months and over, 
whereas hepatoma is essentially a neoplasm of old age; 
none have been found before the age of 13 months 
in a CBA female and 19 months in a CBA male, the 
average ages being 30.1 and 28.6 months respectively. 
In the present experiments, the total incidence is twice 
as great in H, as in H, and still higher in Bz and B,,. 
In these last 2 crosses (as in He), the male parent is 
a CBA mouse; the B; and B, crosses (but not the H,) 
therefore have 3 times as much CBA chromatin as 
Simpson chromatin. Besides the high ancestral inci- 
dence, a few of the CBA mice used as parents in the 
experiments were themselves hepatomatous, and an 
analysis of the data shows that the incidence of this 
tumor was higher in 2 experiments out of 3 in the 
young of these mice than in the young of nonhepat- 
omatous mice; none of the CBA males in H. had 
hepatomas (Table VII). 

Five sporadic cases of heptoma were found in the 
S.E. crosses, although the tumor is absent from the 
parent strains. 

Bone tumors are of rare occurrence in all 3 parent 
strains, their incidence being of the order ot about 
| per cent. The incidence is somewhat higher in most 
of the hybrid and backcross generations, but in only 
2 cases does it assume important dimensions: CSF, 
(=H,) and CS.CF, (=B,;). Many B, mice had 
osteomatous H, mothers and an analysis of the bone 
tumor incidence in Bz shows that the young of osteo- 
matous H, mothers were twice as likely to develop 
the condition as the young of nonosteomatous mothers 
(Table VIII). In every inbred strain kept in this 
laboratory bone tumors occur more often in females 
than in males. In H,, of 102 F, temales 20 were 
osteomatous (19.6 per cent), and of 112 males 7 had 
bone tumors (6.3 per cent); none of the pure-strain 
parents of H,F, developed osteomas, nor did any 
of the F, mice bred trom for F.2; the bone tumor inci- 
dence in F. is theretore low. As shown in Table VIII, 
the sex difference is also present in Bz, where the 
incidence in females is more than twice that in males. 
Most of the bone tumors in H, and B. mice were 
localized, hard osteomas, only 3, all in the back- 
cross, were Osteogenic sarcomas. 

A number of rarer types of neoplasia occurred in 
the various hybrids, some of which are found in the 
pure strains and some of which had not been pre- 
viously observed. There were 12 uterine tumors, 
1 carcinoma and 11 sarcomas (of which 6 were found 
in B,); of 9 renal tumors, 2 were carcinomas, | was 
a sarcoma, and 6 were hypernephromas (4 in Bs); 
there were 7 cases of squamous epithelioma, 5 of sub- 
cutaneous sarcoma, 1 skin papilloma, 1 spindle-cel! 
sarcoma of the diaphragm, and 2 lung sarcomas. One 
ovarian sarcoma occurred in H. (Experiment 2), and 
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Taste VI: THe INCIDENCE OF THOsE NEopLAsMs, OTHER THAN MAMMARY, OccURRING Most FREQUENTLY IN MICE 
(AGED 6 MONTHS AND OVER) OF THE PARENT STRAINS AND Hysprip AND BAacKcrRoss GENERATIONS 
Lung Lymphad- Heman- Hepa- Bone 
adenoma enopathy gioma toma tumors 
Experi- Genera- Total no. — —— —— pomncead 
ment Parents tion of mice No. a No. % No. o/ No. a No. Of 
Pure strains 
Fil & Eid 125 0 0.0 | 0.8 0 0.0 0 0.0 0 0.0 
F292 & Exd 13-23 4-22 .. 7-21 0 0.0 0.5 
So « SJ : 5-20 . §$-26 - 2.0 () 0.0 1.0 
C2? * CZ 270 67 25.0 21 8.0 14 5.0 * 72 26.7 5 1.8 
7 Simpson-Edinburgh 
1. Hi F:i2 & So F, 4] 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 
F. 158 1] 7 O 4 2.5 l 0.6 0 0.0 2 1.3 
' 2. He A So * Eid F, 38 6 15.8 3 7.9 0 0.0 () 0.0 0) 0.0 
F2 159 14 8.8 32 20.1 2 Sa 0 0.0 0 0.0 
: B. So & Exod’ F, 76 14 =18.4 6 7.9 6 7.9 0 0.0 0 0.0 
: F. 300 41 13.7 20 6.7 () 3.0 2 ().7 7 2.3 
- 3. By A So & SEDFd Fy 48 9 18.8 8 16.7 2 4.2 () 0.0 2.1 
| F2 95 20 =. 21.1 s 8.4 3 3.2 2 2.1 5 5.3 
B. So & SE2Fid¢ F, 56 11 19.8 7 We 6 10.7 1.8 2 3.6 
F, 109z 44 40.4 22 20.2 2 1.8 0) 0.0 4 3.7 
; Simpson-CBA 
" 4+. Hy C2 « Sd Fy 229 355 24.0 97 42.4 13 >./ 15 6.6 27 ~=—s ‘11.8 
F. 44 18 40.9 1} 25.0 3 6.8 4 9.1] | 2.3 
it >. He S? < CJ Fy 114 35 30.7 16 14.0 1] 9.6 16 14.0 3 2.6 
it F. 324 11] 34.3 57 17.6 27 8.3 40 12.3 5 1.5 
6. Bs CSFi2? & So Fy 32] 107. 33.3 75 23.4 16 —s«5.0 22 6.9 8 2.5 
. 7. Be S? * CSE;:¢ Fy 118 39 333.0 23 19.5 5 4.2 7 5.9 0) 0.0 
ly F. 33 5 15.2 9 273 0 00 0 0.0 1 33 
- 8. Bs CSFi:2 * Co F; 307 121 39.4 115 37.5 14 4.6 69 22.5 43 14.0 
id 9. Bs SCF:2 & Co F, 323 123 38.1 64 19.8 15 4.6 57. 17.7 5 1.5 
ne “Incidence in females only, 3 per cent; in males, 7 per cent. 
0- ; . ag ws 18 per cent; * ” 35 per cent. 
tf Females only. 
Op 
- TABLE VIIA: Sex DirFERENCE IN THE INCIDENCE OF HEPATOMAS 
11S 
l-emales Males 
les ad SW soth sexes, 
Hepatoma Hepatoma hepatoma 
fe incidence incidence incidence 
ad Experi- Total le A . Total a —~ “ —— 
ment no. No. Cc no. No. c No. 7 
ain ” ‘ 
H, Fy 117 >) 4.3 112 10 8.9 15 6.6 
y F. 17 ( 0.0 27 4 14.8 4 9.1 
1C1- H, Fy 56 2 3.6 58 14 24.1 16 14.0 
I, F. 166 2 1.2 158 3 24.1 +() 12.3 
the B; F, 169 2 1.2 152 20 13.2 22 6.9 
les BOF; 54 0 0.0 64 7 10.9 7 5.9 
sui F, 24 ( 0.0 9 () 0.0 () 0.0 
ere B. F 157 23 14.6 150 46 30.7 69 22.5 
ck- B, =e Fy, 161 13 8.1 162 44 27.2 57 17.7 
All crosses 92] 47 5.1 892 183 20.5 230 12.7 
| in 
the TaBLeE VIIB: THr INHERITANCE OF HEPATOMAS 
pre- Female S Males 
1OFS, " Hepatoma : llepatoma 
incidence incidence 
und Ex peri- Parents Total r / Total | eatin 
was ment (CBA) no. No. % no. No. % 
B;): Hi; 3 hepatomatous mothers 26 2 /./ 22 3 13.6 
sub- 13 nonhepatomatous mothers 9] 3 3.3 Y() / 7./ 
»-cell B; + hepatomatous fathers 39 8 20.5 43 14 32.6 
One § nonhepatomatous fathers 118 15 12.7 107 32 29.9 
and Bs | hepatomatous father 25 2 8.0 24 6 25.0 
/ nonhepatomatous fathers 136 1] 8 .] 138 3 27.5 
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3 ovarian carcinomas were found in B.; ovarian tumors 
are moderately frequent in the CBA strain, 16 cases 
having been observed. One adenoma of the lacrymal 
gland has been seen in a CBA mouse (seventh inbred 
generation); 4 similar tumors appeared in CBA Xx 
Simpson crosses, in H,, B,, and Bs. There were 2 
tumors of the adrenal gland in B;, the only other in- 
stances of such tumors in this laboratory being 1 in a 
CBA mouse, and 1 in a CBA mouse fostered by a 
Simpson female. There was 1 chondroma of the 
sternum in an H.F, mouse (Experiment 5). 

The possibility of a greater diversity of neoplasms in 
a hybrid generation than in either of the inbred parent 
strains has long been recognized by geneticists. In the 








las, 


son as Edinburgh chromatin (as in the backcross), the 
E, hybrids still have a lower tumor incidence than the 
corresponding E,. Nevertheless the (SE;) complex js 
more susceptible than the (E,) to the extrachromo- 
somal factor, as is shown by the higher tumor inci- 
dence in the backcross (section A) compared with H. 
(section A). 

The difference in tumor incidence between the 
reciprocal Simpson X CBA hybrids is much less than 
was found between the dba x C57 crosses by Murray 
and Little (22), but is quite definite: CSF, =30.4 per 
cent, SCF; =87.5 per cent. It might be expected that 
Simpson X CBA hybrids would have the same inci- 
dence as the corresponding Simpson x Edinburgh 














present experiments, the greatest variety of tumors ap- hybrids; this is not so. The H. incidences are: 
peared in Bz. SCF, =87.5 per cent, SE.F,=59.1 per cent, and 
Tapite VII: INcipENcE oF Bont Tumors in THirp Backcross (CSFy.C) 
soth S€Xes l‘emales Males 

sone tumor sone tumor : en ener 

incidence incidence incidence 

Total ——- ~~ Total ———- --——— Total pene Sees 

no. No. Ch no. No. i no, No. f 
From all pairs 307 43 14.0 157 30) 19] 15() 13 g 
From 6 bone-tumor H; mothers 154 28 1&.2 ale, 2) 23.3 6% . 11.8 
From 8 non-bone-tumor Hi mothers 153 15 9% i | 10 14.) s2 5 6.1 
DISCUSSION SE, F, = 13.3 per cent, figures that show a considerable 


The results of these experiments are in agreement 
with the conclusion reached by previous workers (16, 
20-22); namely, that the occurrence of mammary car- 
cinoma in the mouse largely depends on an extra- 
chromosomal factor transmitted by the high tumor 
strain mother. 

Of the Simpson-Edinburgh hybrids, those with a 
Simpson (high tumor) mother (7.e., H, and Bx) have 
a greater incidence of mammary cancer than those 
with an Edinburgh (low tumor) mother (H,). Simi- 
larly in the Simpson x CBA crosses, those in which 
the mother or maternal grandmother was a Simpson 
mouse (H:, B., B,) have a higher tumor incidence 
than those with a CBA (low tumor) mother or 
maternal grandmother (H,, B;, B;). 

For reasons already given, the data concerning the 
E,S cross are not completely satisfactory. SE, and 
SE, hybrid strains both had a Simpson mother, and 
the tumor incidence might be expected to be the same 
in the two crosses; the fact that in the first it is 
13 per cent and in the second 59 per cent suggests that 
there is a difference between the two Edinburgh sub- 
strains, which is probably genetical and has caused 
the two hybrid strains to differ in their physiological 
response to the extrachromosomal factor introduced by 
the Simpson mother. Hybrids containing E, chroma- 
tin seem to be less susceptible to the extrachromosomal 
factor, and even when there is 3 times as much Simp- 


difference. The H, incidences are: CSF,=30.4 per 
cent, E,SF,;=0.0 per cent. From the H, results it is 
evident that the presence of the Edinburgh chromatin 
causes the hybrid to be less susceptible to the extra- 
chromosomal influence than does the CBA chromatin. 
The H, results suggest that the E, substrain may have 
completely lacked the milk factor, but this cannot be 
proved; the results of an investigation into the possible 
presence or absence of the milk factor in the CBA 
strain are reported in the following paper. | 

The very low incidence (9.6 per cent) and late ap- 
pearance of tumors in B. shows the effect of 3 parts 
of CBA chromatin to 1 of Simpson, coupled with the 
absence of the extrachromosomal influence; B, has 
exactly the same genetic make-up, but obtains the 
extrachromosomal factor from the H. mothers, and 
has a tumor incidence of 57.8 per cent; in. this last 
case the incidence is lower than in the parent (H,) 
strain by 30 per cent, and this decrease may be at- 
tributed either to the effect of an extra dose of CBA 
chromatin, or to the weakening of the extrachromo- 
somal influence that takes place in a series of back- 
cross generations, as Murray and Little (22) have 
shown. 


SUMMARY 


The incidence of mammary carcinoma was invest- 
gated in a series of crosses and backcrosses between 
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Simpson (high tumor) and Edinburgh (low tumor), 
and Simpson and CBA (low tumor) strains of mice. 

The results confirm the existence of a maternal extra- 
chromosomal factor for mammary carcinoma dis- 
covered by previous workers, and also show that an 
important part is played by inter-strain genetical dit- 
ferences in susceptibility. 

No extrachromosomal factor was observed in the 
inheritance of lung tumors, hepatomas, or bone 
tumors, while the evidence was inconclusive in the 


case of lymphadenopathy. 


—+. 
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When the important results of Bittner’s work on 
the foster nursing of mice became known (8), and as 
a sequel to the hybridization experiments reported 
trom this laboratory (19), it was decided to test the 
effect of cross-fostering on the mammary tumor inci- 
dence in the Simpson (high tumor) and CBA (low 
tumor) strains. The work was begun in September, 
1938, with a number of young breeding pairs of both 
strains. There were a number of initial difficulties and 
progress was slow; some of the mice did not breed, 
others killed the fostered litters, and still others littered 
at a time when no foster mother was immediately 
available. With the outbreak of war it was decided, 
in view of the necessity for reducing stock and be- 
cause of the extensive and thorough nature of the 
investigations being carried out in the United States, 
to stop further breeding but to allow the fostered 
animals then living to die naturally. For this reason 
far fewer mice were fostered and fewer raised in the 
second and third generations than had been intended. 
Nevertheless, the results have been more successful 
than had been expected and are worth communicating. 

From a number of Simpson pairs, belonging to 
inbred generations 13 to 18 and chosen from lines 
having a high incidence of mammary tumors, 9 pairs 
produced 17 litters (consisting of 31 females and 27 
males), which were successfully fostered to CBA 
mothers, and another 11 litters that were killed by the 
foster parents. For perfect comparison, unfostered 
litter mates of these mice should have been set aside 
as controls, but this would have caused further delay 
in the completion of the experiment; consequently, 
only 4 females from the same families were available 
as controls, and comparison had to be made with the 
rest of the strain. 

Eight CBA pairs produced 16 litters (comprising 
18 females and 19 males), which were successfully 
fostered to Simpson mothers, and another 6 litters 





* This work was carried out under a grant from the British 
Empire Cancer Campaign. 
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that were killed by the foster parents. There were 
only 11 female controls from the same tamilies. 


1. Simpson Mice Fostrerep By CBA 


The Simpson breeding pairs came trom 7 inbred 
lines having the following mammary tumor incidences 
in virgins and breeders combined: 68.8, 72.5, 70.6, 
76.2, 64.5, 63.6, and 71.4 per cent. The average was 
69.5 per cent. In a previous communication (19) 
Table III gave an analysis of the incidences in each 
line in virgins and breeders separately, and it was 
shown that in 5 lines out of the 7 the incidence was 
higher in virgins. 

Five of the Simpson mothers bred trom in the 
experiment developed mammary tumors, 3 died before 
tumor age, and one died nontumorous at 19 months. 
The litters were removed as soon as _ possible after 
birth. The time that elapsed before fostering depended 
on when a foster mother was available, and only 
8 litters were successfully fostered within 24 hours 
after birth; in other cases from 2 to 5 days elapsed. 
and in two instances 10 and 11 days passed before 
fostering. The longer periods are not included in the 
results shown in Tables I and II. 

The CBA strain has a low incidence, about 5 per 
cent, of mammary carcinoma. None of the foster 
mothers was tumorous, but on analyzing the separate 
lines to which they belonged it was found that in / 
there were no tumorous females and in the other 7 the 
incidence varied from 2.5 to 8.5 per cent (Table 1. 
column 4). None of the tumor mice had been bred 
from, however, and in any case it has already been 
shown (19) that breeding from such CBA females 
does not raise the tumor incidence, these mammary 
tumors being of the noninheritable type. 

The results of the experiment are summarized 10 
Tables I and II, in which only mice aged 6 months 
and over are included, and from which the following 
conclusions may be drawn. The numbers concerned 
are small; nevertheless, there is no evidence that tumor 
incidence is lower in litters fostered within 24 hours 
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than in those in which fostering was delayed; this 
point will be discussed later. The tumor incidence in 
the line to which the CBA foster mother belonged did 
not affect the result; thus litters fostered by CBA mice 
of lines without mammary carcinoma might still pro- 
duce tumors (litters la and 1b), while litter 7a (of only 
2 mice), fostered by a mother belonging to a line with 
an incidence of 7.5 per cent, had no tumors. In the 
frst (fostered) generation the tumor incidence (55 
per cent) shows a slight decrease compared with the 
parent Simpson lines (63.6 to 76.2 per cent. Table [, 


TABLE I: 


Mammary tumor 
percentage incidence 











birth all the conditions were such as to favor a high 
incidence, as in the parent strain, and this section of 
the experiment merely proves the unreliability of small 
numbers. 

The average age at appearance of tumors in fostered 
mice was 12.4 months (range of variation=6 to 17 
months); the average age at death of nontumor fos- 
tered mice was 13.6 months (6 to 27 months). The 
average tumor age 1n Simpson mice is 14.5 months. 

A number of fostered mice were bred from; 3 devel- 
oped tumors (in litters 2a and 4a) and 3 of their 6 


INCIDENCE OF MAMMARY Tumors IN Srxtpsoxn Lirrers FosrereED ro CBA FeuaLes 


No. of Simpson females over 6 mos. 


—————_ — $$ a ees tC 


























F, I., I*:, 
. (1) _ (2) Interval | , r , 
Simpson Simpson CBA foster between No. with No. with No. with 
litter parent mother’s birth and Total mammary Total mammary Total mammary 
no. line line fostering no. tumors no. tumors no. tumors 
+ 
la 0.0 0-24 hrs. 3 2 () 0) 0) 0 
1b 0.0 3 days 1 J 0) ) 0) 0 
2a ’ 68.8 Be 0-24 hrs. 3 3 5 3 () 0) 
2b 0.0 3 days l 0) V) ) () () 
3a | ye 0-24 hrs. ] 0 2 0) 0) 0 
4a 72.5 8.5 2 days ] ] 2 () 0) 0 
5a 70.6 7.1 0-24 hrs. 3 3 0) () Q) 0) 
ba 76.2 0.0 0-24 “ males only in litter 
7a | tf ()-24 2 0 10 3 14 3 
7b | 0.0 0-24 0 4 T 5 2 
7¢ 71.4 ro 2 days 2 ( 7 () () () 
7d 0.0 0-24 hrs. () () | () y 0) 
Sa 64.5 8.5 4 days 2 0) ) 0) () 
9a 63.6 0.0 3 0) () 2 0) 
Tansce Il: Torat MamMary Tumor INciIpENCE IN FosTERED SIMPSON MIC} 
rostered at less than 24 hrs. Kostered at more than 24 hrs. 
_ Total —— / ———______— > $$$ 
_ incidence Incidence Incidence 
Potal no. ot of mammary of mammary of mammary 
. females tumors tumors tumors 
Genera- over , SY No. of SA. No. of a 
tion 6 mos. No. W/ females No. females No. 
F 20 1] 55.0 13 . 61.5 7 3 42.9 
F, 36 7 19.4 25 ( 24.0 1] 9.1 
F; 29 5 17.2 28 5 17.9 | () 0.0 


column 2). In the second and third generations, bred 
irom fostered mice and suckled by their own mothers, 
there is a great decrease in tumor incidence both in 
those whose parents were fostered within 24 hours and 
those the fostering of whose parents was delayed. 
There are two possible explanations of this, which 
will be discussed later. 

In addition to the data given in Tables I and II, 
3 Simpson litters comprising 5 females were fostered 
by a CBA mouse that had herself been fostered by a 
Simpson mouse; there were 2 tumors amongst the 
> mice (40 per cent incidence), and in the second 
‘unfostered) generation there was one tumorous fe- 
male in a litter of 3 (33 per cent incidence). As the 
original fostering took place 5, 10, and 1] days after 


daughters were tumorous (50 per cent incidence); the 
rest of the second generation had noncancerous mothers 
and there were 4 tumor mice out of 30 (13 per cent 
incidence). The average incidence in the second gen- 
eration was 19.4 per cent. 

Two tumor mice of the second generation were bred 
from; they had 4 daughters, one of which was tumor- 
ous (25 per cent incidence). There were 25 third 
generation females with noncancerous mothers; 4 of 
these developed tumors, an incidence of 16 per cent. 

These figures show that there is a tendency for the 
young of tumorous fostered mice to have a higher 
incidence of mammary cancer than the young of non- 
tumorous mice. 


There were 4 control females from later litters of 
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the same families as those to which the fostered mice 
belonged. Two of these (50 per cent) produced mam- 
mary tumors. 

The incidence of lymphadenopathy in the fostered 
and succeeding generations is worth recording. There 
is no sex difference in incidence in any generation. 
Analysis of the figures for both sexes shows that 
family 7 has an unusually high incidence (Table III) 
and, since most of the F. mice were raised from this 
family, is almost entirely responsible for the great in- 
crease shown in the second generation. In the other 
families the incidence is within the range of variation 
for the strain. It is dificult to account for the high 
incidence in family 7. The inbred line had a total 
incidence of lymphadenopathy of 20.4 per cent in 
13 generations; in the first 3 generations the incidence 
was 3 per cent, in the next 6 it was 23.3 per cent; there 

Taser Ill: 


INCIDENCE O} 


Families 1-6. 8, 9 


‘Total 


both the parent and the foster lines have a susceptibility 
above the ave xe for the strains, and the figures do 
suggest that the imc:cence has been increased by foster- 
ing. In hybridization experiments with the two 
strains (19), there was some evidence (again some- 
what inconclusive) of a maternal influence in the in- 
heritance of lymphadenopathy. 

In the present case, lymphadenopathy occurred in 
4 of the 7 F, (fostered) Simpson females in family 7 
that were bred from; these 4 were paired with brothers 
that later developed the disease; the disease was, how- 
ever, as frequent in the offspring of nonaffected mice 
as in the young from these 4 pairs. 

The high incidence of lymphadenopathy may well 
have reduced the apparent incidence of mammary car- 
cinoma in F,, since the average age for lymphadeno- 
pathy was 11.9 months (range of variation, 4.5 to 19 


LY\IPHADENOPATHY IN FOSTERED SIMPSON MICE 


Family 7 


we — J 








incidence 
of lymph- 
adenopathy 








(;enera- Total no. _ —_ No. of 
tion ot mice No. WY mice 
i 45 15 33.3 34 
Fy. 73 39 53.4 22 
F:, 67 46 67.8 2 
Total 1&5 100 54.1 38 


was a double lymphadenopathy mating in the tenth 
generation, the incidence in the last 4 generations being 
31.1 per cent, z.¢., only slightly more than in the pre- 
ceding generations. The Simpson mother of the fos- 
tered mice, a mouse of the 12th inbred generation, had 
a mammary tumor but no lymphadenopathy. 

The incidence of lymphadenopathy in the fostered 
generation (family 7), 63.6 per cent, was therefore 
double the immediately previous incidence. The CBA 
foster mother died at 6 months without lymphadeno- 
pathy; there were a tew cases of the disease in her 
ancestry, and the incidence in her own generation was 
25 per cent (2 out of 8 mice), a figure considerably 
higher than the average for the strain (8 per cent). 
According to Barnes and Cole (7), and to Furth, Cole, 
and Boon (16), mice belonging to low leukemic strains 
are not rendered leukemic when nursed by high leu- 
kemic stocks, but the incidence in a high leukemic 
strain is lowered by fostering on a low stock; there 
was a suggestion (7) that the decrease in the latter 
case might be due to earlier death of the fostered mice. 
Although MacDowell and Richter (17) found that the 
inheritance of leukemia showed a maternal influence, 
they found that fostering had no effect on the inci- 
dence. Evidence in the present experiment is not con- 
clusive; neither strain has a really high incidence, but 

















Incidence Incidence 
of lymph- of lymph- 
adenopathy adenopathy 
SS - No. of a A 
NO. H/, mice NO. PY 
s Pd Me 1] / 63.6 
5 20.0 >] 34 66.7 
50.0 65 45 69.2 


months) and the presence of a tendency to develop 
mammary cancer would therefore remain hidden ow- 
ing to premature death; in 3 mice the 2 neoplasms 
occurred together at 15, 15, and 17 months. If the 
females of family 7 are excluded from Table IJ, the 
mammary tumor incidence in those fostered within 
24 hours after birth becomes 80 per cent instead of 
61.5 per cent in F,, and 42.9 per cent instead ot 24 
per cent in F,. With the exception of 2 mice, 1 male 
and 1 carcinomatous female, the third generation was 
raised entirely from family 7. It is worth noting that 
every female bred from in family 7 in a direct line 
for 13 generations from Simpson mouse No. 1 of 
this laboratory developed mammary carcinoma. 

Lung tumors were moderately frequent in the ex 
periment: the incidence was 29 per cent in F,, 37 pet 
cent in F,, and 34 per cent in F;. 

Hepatomas are of common occurrence in the CBA 
strain but are unknown in the Simpson strain. None 
appeared in the fostered generation of Simpson mice 
and only 2 in their unfostered descendants (1 in an 
18 month old F. female and 1 in a 21.5 month old 
F. male). Such sporadic occurrences have been noticed 
recently in inbred strains that formerly never produced 
these tumors. 

The only other tumors noted in the present work 
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were two hemangiomas, and one squamous epithelioma 
of the jaw. 


?. CBA -Mice FosTrEerEepD By SIMPSON 


Eight pairs of CBA mice produced litters that were 
successfully fostered by Simpson females. None of the 
CBA mothers developed mammary tumors and in 6 
of the inbred lines to which they belonged no instances 


dying at 6 months and over, since 6 months was the 
earliest tumor age in the Simpson strain. Three F, 
and 7 F. nontumor females died before 10.5 months, 
and if these are excluded the average nontumor age 
becomes 26.8 months (range of variation 19.5 to 35 
months); the majority of nontumor mice therefore had 
ample opportunity to develop tumors. As Table IV 
shows, most of the litters were fostered within 24 hours 


TABLE IV: INCIDENCE OF MAMMARY Tumors IN CBA Litrers FosrERED TO SIMPSON FEMALES 


Mammary tumor 
percentage incidence 





a 


\ 
(2) 


No. of CBA females over 6 months 
































Fy KF. I; 
(1) Simpson Interval — | — ~ 
CBA CBA foster between No. with No. with No. with 
litter parent mother’s birth and Total mammary Total mammary Total mammary 
no. line line fostering no. tumors no. tumors no. tumors 
la | 0.0 68.8 Q-24 hrs. | l 0 0 () 0 
lb} 71.4 Q-24 “ : 0 2 2 3 2 
2a | 0.0 63.6 6 days J 2 2 
; U ; 66 
2b j 68.8 6 ] Q 2" \) 4 2 
3a 0.0 68.8 ()-24 hrs. males only in litter 
4a 0).0 76.2 Q-24 “ de 2? Y 5 
Da | 68.8 Q-24 “ + 2 + 5 | 
Sb 3 0.0 68.8 0-24 “ | | W) 0) () () 
5c J 71.4 10 days () ( () () () 
6a 0.0 63.6 0-24 hrs. y 4% 0 7 3 
7a | g 5 63.6 12 days 3 0 () y) () 
7b} jen 0-24 hrs. 3 | ) () 
Sa | 15 68.8 2 days males only in litter 
Sb | be 68.8 Q-24 hrs. males only in litter 
Indices = number dying at less than 10.5 months. 
TasBLeE V: Tora MAMMARY TUMOR INCIDENCE IN FosrERED CBA MiIcE 
_ Total lostered at less than 24 hrs. l-ostered at more than 24 hrs. 
incidence - ~ ~ 
- O Incidence Incidence 
Potal no. of mammary of mammary of mammary 
. females tumors tumors tumors 
Genera- over —————_~ No. of ———~"~ No. of NW | 
tion 6 mos. No. “ females No. / females No. / 
Fy 18 8 44.4 12 / 5 6 ] 16.7 
F, 20 7 35.0 15 5 5 2 40.0 
F:, 29 17 58.6 24 14 5 3 60.0 


of mammary carcinoma had been seen during 6 to 8 
generations. In 1 of the remaining lines there had 
been 4 tumor mice out of 47 females (8.5 per cent), 
and in the other, 1 out of 40 (2.5 per cent). None of 
the 11 unfostered control females from the same 
families as the fostered mice developed mammary 
tumors. 

As shown in Tables IV and V, mammary tumors 
appeared in a number of fostered females and in their 
untostered descendants. The average age at which 
tumors appeared was 20.3 months (range of variation 
10.5 to 28 months), while the average age at death 
of nontumor females was 21.1 months (6.0 to 35 
months). The average tumor age for the CBA strain 
's 278 months. Although 10.5 months was the earliest 
age at which mammary carcinoma appeared in the 
‘ostered mice, the analysis is based on the numbers 


‘ 
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after birth, but in others there was a delay of from 
2 to 12 days betore a foster mother was available. This 
delay is probably of less importance when a low tumor 
strain is fostered by a high tumor strain than vice 
versa, since, as proved by Andervont and his col- 
laborators (5, 6), young mice are still susceptible to 
the milk influence when 12 days old, although there 
was evidence that 7 day old mice were more susceptible 
than those 14 days old. Admittedly Andervont was 
working with the C3H strain, which is known to be 
highly susceptible, and is of course a high tumor 
strain. There is some evidence in the present work 
that the period of susceptibility may be shorter in 
strain CBA (see Discussion ). 

In the fostered CBA generation, the percentage of 
tumors in mice fostered after more than 24 hours 
was much less than the percentage in those fostered 
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before 24 hours. In the former group, only | tumor 
This 
mouse, fostered when 6 days old, was the mother ot 
both the F, tumor females in that family; 1 of the 
latter was bred from and her | daughter was cancer- 
ous. The only sister of the same F, tumor female 


(litter 2a) appeared in 6 females. tumorous 


(litter 2b), also fostered when 6 days old, died tumor- 
tree at 24 months and had a nontumorous daughter 
of 25.5 was the mother of 2 


months: the latter 


tumorous temales and | nontumorous female in the 
third generation. This example, and the fact that the 
tumor incidences in F. and F. from mice fostered at 
more than 24 hours are similar to those in the corre- 
sponding generations trom mice fostered within 24 
hours, show that an interval up to 6 days between birth 
and fostering does not affect the susceptibility of low 
tumor strain mice to the milk influence, and also that 
noncancerous fostered mice can absorb the influence 
and transmit it to their offspring (10). 


Table VI: INcipence opr LYMPHADENOPATHY IN FOSTERED 
CBA Mic 
‘Total no. Incidence of 
of mice Iyvmphadenopathy 
(;enera- (hoth sexes) ———~— -—— 
tion over 6 mos. No. 4 
I‘; 36 / 19.4 
ke 5y y 15.3 
I. 60) ?] 33.0) 
Total 135 37 239 


As already stated, no mammary tumors occurred 
before the age of 10.5 months. If the tumor incidence 
is calculated for mice living to that age and over, the 
tollowing figures are obtained: There were 7 tumorous 
mice out of 9 fostered at less than 24 hours, an inci- 
dence of 77.8 per cent; in the second generation there 
were 9 descendants of those fostered within 24 hours, 
and 5 were cancerous (55.6 per cent), while of the 
4 descendants of those fostered after 24 hours 2 de- 
veloped tumors (50.0 per cent). The other figures are 
unchanged, the remaining classes all having lived more 
than 10.5 months. These incidences show an even 
more striking increase, compared with the normal 
tumor incidence for unfostered CBA mice (5 per cent), 
than those based on a minimum age of 6 months; they 
also show that although there is a real drop in tumor 
incidence in the second and third generations (in the 
group fostered within 24 hours), it is exaggerated in 
F. owing to the number of mice dying between 6 and 
10.5 months. 

The incidence of lymphadenopathy in the fostered 
mice and their descendants of both sexes appeared to 
be increased (Table VI). The incidence in unfostered 
mice of the same inbred lines was 9.4 per cent (limits 
of variation 5.8 to 14.1 per cent). The average age at 





death from the disease in the tostered animals was 
24.6 months (8 to 35 months); there was only 1 death 
at 8 months, however, the next being 19.5 months. 
The incidences calculated for mice living more than 
8 months (the lowest age for lymphadenopathy in the 
strain as well as in this experiment) show only a slight 
increase over those given in Table VI for mice dying 
over 6 months; the figures for the 3 generations be- 
come 20, 17, and 35 per cent respectively, with a total 
average of 25 per cent. The cases were distributed 
throughout all the families and none showed a greater 
proportion than any other, nor was there any signif- 
cant difference in incidence between the two sexes. 
Relatively few breeders (fostered ) died of lymphadeno- 
pathy, but many died young and they may possibly 
have been susceptible. The average age for lympha- 
denopathy was higher than that for mammary carci- 
noma, and, unlike the fostered Simpson mice, it is 
therefore unlikely that many potentially carcinomatous 
cases were hidden by lymphadenopathy. In some mice 
lymphadenopathy occurred together with mammary 
cancer, in others with lung adenoma or hepatoma. 

The occurrence of hepatomas was not affected by 
fostering. In contrast to the first experiment, in which 
no hepatomas were found in Simpson mice fostered 
by CBA females, the incidence in CBA mice fostered 
by Simpson females was moderately high and similar 
to that in unfostered CBA mice. This is in agreement 
with Andervont’s statement for the C3H strain (4, 5, 
20). In the inbred lines from which the fostered mice 
came, to the generations used in the experiment, the 
average incidence for both sexes was 30 per cent (limits 
of variation, 21.5 to 37.5 per cent). The earliest cases 
of hepatoma in the experiment were 22 months (fe- 
male) and 20 months (male), compared with 13 
months (female) and 19 months (male) in the rest 
of the strain. Table VII gives the incidences in the 
fostered and subsequent generations based on females 
dying at 13 months and over and on males dying at 
19 months and over. The total average incidence for 
both sexes and all 3 generations was 33.3 per cent, 
which closely resembles the strain average given above: 
as usual, the neoplasm is much more frequent 10 
males than females. The average hepatoma age was 
26.9 months (20 to 36 months); this is higher than 
the average mammary tumor age. The hepatoma inc- 
dence may therefore be expected to be lower than 
normal on account of the number of mice dying of 
mammary carcinoma before hepatoma age; this ap- 
pears to be the case, since the incidence in females 1s 
below the normal (18 per cent) for females of the 
strain (19). 

The high incidence of hepatomas in the F;; males 
may possibly be explained by the longer life of these 
males. The average age at death of 13 F, males was 
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%.3 months, of 38 F. males 24.3 months, and of 
30 F.. males 27.2 months; the average hepatoma ages 
in the 3 generations were 29.8, 26, and 28.4 months 
respectively; the males of the third generation there- 
fore had the greatest chance to develop hepatomas. 
There was no evidence that a greater number of these 
neoplasms appeared in the young of hepatomatous 
parents. No hepatomatous F., temales and only 2 hepa- 
tomatous males were bred from; only 2 of the 18 
hepatomas in F; males appeared in the offspring of 
these 2 males. These facts suggest that some of the F. 
mice must have been potentially hepatomatous but 
died before developing the neoplasm. 

There were 5 unftostered control litters, comprising 
I]. females and 6 males; of these, 4 females (36.4 per 
cent) and 5 males (83.3 per cent) were hepatomatous. 
The average ages at death were high, 29.1 and 28.6 
months respectively. 


those fostered up to 17 hours after birth and 86 per 
cent of those fostered 24 hours after birth developed 
tumors; similar results were obtained by Bittner (10). 
It is therefore supposed that, by even one nursing 
trom their own mothers, the young mice receive 
enough of the milk influence to cause the production 
of a certain number of tumors (20, 5). 

In the first of the present experiments, the incidence 
in fostered Simpson mice is lower than the average 
incidence for the strain, but still moderately high; 
the fostered mice had therefore probably obtained a 
certain amount of the milk influence from their own 
mothers. The number of animals concerned is small, 
and there is possibly no significant difference between 
those tostered at less than 24 hours and those fostered 
at greater intervals after birth; as it stands, with a 
higher incidence in the 24 hour group, the result does 
not agree with previous work (3, 11). 


Taste VIL: INcipeENcrE or Heparoxra IN FostrERED CBA Mice 


Total number of mice 


ed 








Males over kemales over 


(;enera- 19 mos. 13 mos. 
tion (1) (2) 
F, 13 14 
F. 30 27 

Total § ] 51 


Lung adenomas occurred in the fostered generation 
(25 per cent) and in the subsequent generations (23.7 
and 31.7 per cent respectively); the incidence in the 
control litters was 25.3 per cent. 

Other neoplasms observed in this experiment, and 
which have also been noted in the CBA strain, were 
as follows:—several hemangiomas at different sites 
‘subcutaneous, liver, mammary tissue), Ovarian tumors, 
sarcoma of the heart, adrenal tumor, and adenoma of 
the lacrymal gland. 


DISCUSSION 

When a high mammary tumor strain is fostered by 
A low mammary tumor strain, the incidence in the 
lostered mice depends to a very great extent on the 
time they spent with their own mothers before being 
lostered. Thus no mammary tumors were obtained in 
dba mice born from ova transferred to C57 mice soon 
after fertilization (12, 15). When C3H mice were 
fostered by C57 mice, Andervont and McEleney (3) 
showed that mammary tumors appeared in 25 per cent 
of those fostered within 17 hours after birth, and in 
03 per cent of those fostered between 17 and 24 hours, 
sving an average incidence for both classes of 46 per 
rent; Andervont (1) found that when C3H young 
"ere fostered by strains I, Y, and C, 50 per cent of 


Incidence of hepatomas 





Males over l-emales over 








19 mos. 13 mos. 
Xn. #  & No. % 
: 30.8 2 14.3 
13 34.2 2 20.0 
| & 60.0 5 18.5 
35 43.2 g 17.6 


After allowing for the effect on mammary tumor 
incidence of the high incidence of lymphadenopathy, 
there is still a real fall in the incidence of mammary 
carcinoma in F,. This may be explained by Bittner’s 
theory (10), which postulates that young mice of a 
high tumor strain, which have spent a short time with 
their mothers before being fostered, may obtain enough 
of the milk influence to produce mammary tumors in 
themselves, but not enough to pass on to their de- 
scendants in sufhcient quantity to maintain the high 
incidence. 

Strong’s CBA strain is well known for its low 
incidence of mammary carcinoma, but although used 
in one of Bittner’s earliest experiments (9) very few 
fostering experiments have been carried out with it. 
sittner obtained tumors in 3 of 9 (33.3 per cent) A 
strain females fostered by CBA, and an incidence of 4.9 
per cent in A strain mice fostered by C57. Various 
facts concerning the CBA strain are reviewed by 
sittner (11), and it seems likely that there are different 
substrains, some of which are more susceptible than 
others to breast cancer production by estrogenic stimu- 
lation or by forced breeding. Thus Bonser, Stickland, 
and Connal (13) obtained 5 tumors in 32 females 
treated with estrogens, although their line had until 
that time never produced a spontaneous mammary 
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carcinoma. In this laboratory, no mammary tumors 
were produced with estrone (18), in either males 
(castrated or noncastrated ) or females (ovariectomized 
or nonovariectomized), but the mammary tissue was 
stimulated to a preneoplastic degree of activity; yet 
a number of spontaneous mammary tumors have ap- 
peared in the strain, the incidence being about 5 per 
cent. The tumors are of the noninherited variety, and 
breeding does not increase the incidence (19). 

In the present investigation, when CBA mice were 
fostered by Simpson females the mammary tumor in- 
cidence was raised to an average of 44.4 per cent, or 
77.8 per cent in those living over 10.5 months and 
fostered within 24 hours. This proves that the CBA 
strain is susceptible to the milk influence. The strain 
has a low mammary tumor incidence, therefore, not 
because the mice are genetically nonsusceptible like 
the C57, but because they lack the milk influence. In 
this, strain CBA resembles strain C (1); Andervont 
was able to raise the tumor incidence in the latter 
from 0 to 64 per cent by fostering on C3H temales. 
Andervont (2) has also raised the tumor incidence in 
C57 to 63 per cent by fostering on C3H; this is a 
remarkable increase in a strain that has always been 
regarded as being genetically nonsusceptible to the 
milk influence. The usual incidence obtained in C57 
by fostering is about 10 to 15 per cent (1, 11), but 
higher incidences, 20.9 per cent, by fostering on 
strain A, were reported by DeOme (14), and 20 per 
cent in breeders fostered by dba by van Gulik and 
Korteweg (21), while Fekete and Little (15) obtained 
an incidence of 50 per cent by transfer of fertilized ova. 
Possibly different substrains of C57 have been devel- 
oped, with different susceptibilities to the milk influ- 
ence; there is also the possibility that different high 
tumor strains used as foster mothers may be able to 
produce different incidences in the low tumor fostered 
strain by transmitting different concentrations of the 
milk factor. 

Having acquired the milk influence trom the Simp- 
son foster mothers, CBA females are able to transmit 
it to subsequent generations; in the present experiment 
the tumor incidence in the second and third genera- 
tions remained high. In several instances tumors ap- 
peared in the second and third generations bred trom 
fostered females that had died tumor-free. In_ this 
connection, the low incidence in the group fostered 
at more than 24 hours after birth is of interest, since 
the mice had obviously acquired the milk influence and 
were able to transmit it to their descendants, as proved 
by the increased tumor incidence, yet had not them- 
selves (with one exception) developed tumors, al- 
though dying at 24, 17.5, 28.5, 26.5, 29, and 24.5 
months respectively (average=25 months); the 1 
tumorous mouse was that which died at 17.5 months. 


ee 


Although such small numbers are involved, the re. 
sult suggests that during the time the young CBA 
mice spent with their own mothers before fostering 
(from 6 to 12 days), their mammary tissue had already 
passed the susceptible stage. The mammary glands of 
fostered and unfostered mice have been shown to 
develop differently (21). In a high tumor strain like 
C3H, the young mice are known to remain susceptible 
to the milk influence up to 14 days (5, 6). Probably 
the period of susceptibility varies in different strains, 
This seems a more likely hypothesis than the possibility 
of the young CBA mice acquiring some influence 
from their own mothers in 12 days that is able to 
neutralize the immediate effect of the mammary tumor 
inciter without preventing its transmission to the off- 
spring of the fostered mice. The latter hypothesis could 
scarcely be reconciled with previous work (5, 6), in 
which young C3H mice were fostered by C57 for 
varying periods before being returned to their own 
mothers. 
SUMMARY 


When females of the Simpson (high mammary 
tumor) strain were fostered by mice of Strong's CBA 
(low mammary tumor) strain, the incidence was re- 
duced from 69.5 per cent (average age = 14.5 months) 
to 55 per cent (average age=12.4 months). There 
was unavoidable delay in fostering some of the litters, 
and even some of those fostered within 2+ hours after 
birth had probably been suckled by their own mothers. 

There were fewer mammary tumors in the offspring 
of the fostered Simpson mice, partly because of a 
greatly increased mortality trom lymphadenopathy. 
The offspring of fostered tumorous females had a 
higher tumor incidence than the young of fostered 
nontumorous mice. 

The mammary tumor incidence in CBA females 
fostered by Simpson mice was raised from 5 per cent 
(average age=27.8 months) to an average ot 44.1 
per cent (average age = 20.3 months) in all those dying 
over the age of 6 months, and to 77.8 per cent in those 
fostered within 24 hours and dying over the age of 
10.5 months. 

The CBA fostered females were able to absorb the 
milk influence and transmit it to their offspring even 
when they themselves died nontumorous; tumors ap- 
peared in the young of nontumorous as well as ot 
tumorous fostered females. 

There was a very great increase in lymphadenopathy 
in fostered Simpson mice and their offspring; there 
was also a definite though smaller increase in the 
disease in fostered CBA mice and their descendants. © 

Fostering had no effect on the incidence either 
lung adenomas or of hepatomas, except in so far 4 
mice developed mammary carcinomas before reaching 
the normal lung or liver tumor age. 
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When young CBA mice had spent from 6 to 12 days 


with their own mothers before being fostered to 
Simpson females, they were no longer susceptible to 
the action of the milk influence, although they were 
able to transmit it to their young. Possible reasons 
for this are discussed. 
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In a previous report (1) a method was described by 
means of which the growth rate of a transplantable 
mouse adenocarcinoma could be determined. When 
this method was applied to the Marsh-Simpson tumor 
transplanted into the Marsh-Simpson strain of mice, it 
was found that the rate of volume growth was ex- 
ponential with time, and the characteristic constant in 
the exponent » for these tumors was 0.37 per day. 
It was further reported in this paper, that as the con- 
centration of live cells inoculated decreased, there was 
an increase in the latent period.’ It was observed dur- 
ing the course of the experiments, but not reported at 
the time, that when the number of viable cells per 
inoculum exceeded 10*, 90 to 100 per cent of the 
animals inoculated consistently grew the tumor. How- 
ever for inocula containing less than 10* viable cells, 
the percentage of animals that grew the tumor de- 
creased. Inasmuch as at that time there were too tew 
suspensions of the lower concentrations containing less 
than 10* viable cells, no correlation could be established 
between the number of viable cells inoculated and the 
percentage of animals that grew the tumor. 

It seemed worth while, therefore, to carry on the 
experiments to determine the relation between the 
number of cells inoculated and the percentage takes. 
The present paper describes the results of these investi- 
gations, together with data collected at the same time, 
which permit the determination of the growth constant 
and the latent period for these more dilute solutions. 


MATERIALS AND PROCEDURE 


The tumor material used was the Marsh-Simpson 
tumor, an adenocarcinoma transplantable in the Marsh- 
Simpson strain of albino mice. A suspension was 
made by grinding young tumors in a mortar, diluting 
the mash with Tyrode’s solution, and filtering through 
several thicknesses of handkerchief linen. A count of 
the number of viable cells was made by adding a 
measured volume of dye to a measured volume of the 





1 The latent period was designated as the time in days between 
the date of inoculation and the first evidence of a palpable tumor. 


suspension and examining the resulting solution under 
the microscope in a Neubauer hemocytometer. Instead 
of staining the cells with eosin according to the method 
of Schrek (2), as outlined in our first report, we 
employed erythrosin in a concentration of 1:1,000 in 
Tyrode’s solution, which was found to produce a 
sharper distinction between live and dead cells. Cau- 
tion was exercised to insure adequate staining in each 
sample, in order to color all the dead cells. 

After the count was made, the concentration was 
varied by dilution with Tyrode’s. Five one-hundredths 
(0.05) of a cubic centimeter of the diluted suspension 
was inoculated subcutaneously into the side of each 
animal. Male and female mice of the Marsh-Simpson 
strain were used indiscriminately when about 6 weeks 
old. The mice were palpated daily following the 
inoculation and the time of the first palpable evidence 
of tumor was noted. The tumors were permitted to 
grow until they reached a volume of approximately 
().1 cc., when the mouse was sacrificed and the exact 
volume of the tumor measured by means of the special 
volumetric pipette previously described. 


RESULTS 


The results of the inoculation of 53 suspensions into 
1,546 mice, including the 19 suspensions and 317 mice 
reported in the first paper, are shown in Table I. In 
column | of this table the numbers of viable cells per 
inoculum are arranged in order of decreasing concen- 
tration. In column 2 the volume of viable tumor cells 
inoculated has been calculated. The calculations are 
based on the experimental measurements given 1D 
(1), which showed that the mean cell volume was 
5.52 x 10°'° cc. Columns 3 and 4 show the total num- 
ber of animals inoculated with each suspension and 
the number that grew the tumor, respectively. In 
column 5 are the calculated percentage takes for each 
suspension, based on the information in columns 3 
and 4. 

It can be observed from column 5 that with decreas- 
ing concentrations there is a progressive, though not 
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TABLE | 
2 3 4 5 6 7 8 9 10 1] 
No. ani- 
No. ani- mals used Volume 
Volume Total no. mals that Percent- used to Average Average at Average 
No. cells of cells animals grew age determine latent growth latent final Growth 
inoculated, inoculated, used tumors ” takes. growth * period, period, period, volume, constant, 
x 10-3 
¥% 10° ec. fi days days ec. cc. UL 
590.00 3.25 < 1U 5 5 100.0 46 
309.0 ly xX 10" 17 17 100.0 17 8.65 17.2 4.6 0.1180 0.374 
977 5 152 10° 12 12 100.0 12 4.3 15.8 0.9 0.1008 0.409 
189.0) 1.04% 10° 10 10 100.0 10) 6.7 16.2 1.9 0.1143 ().425 
157.5 87 x 10” 10 10) 100.0 10) 4.4 17.0 0.58 0.1065 0.420 
152.5 § 44% 10° 10) 10 100.0 1) 12.8 21.6 2.2 0.1059 0.438 
141.0 7706 SX 107 10 10 100.0 10) Y 2 21.1] 1.6 0.087 0.330 
139.0 7.64 * 10° 10) 10 100.0 10) %.3 21.8 aul 0.1001 0.330 
132.5 7.28 X 10°” 1] 1] 100.0 1] 5.0 14.6 0.9 0.102 0.506 
103.0 5.66 & 10° 68 68 100.0 >/ 6.6 16.2 1.2 0.104 ().462 
975 5.36 & 107 4] 4] 100.0 37 ¥ 4 18.9 2.1 (0X82 ().39] 
K 1.0 4.47 & 10°” g Y 100.0 4 ‘a7 28.4 0.86 0.0835 ().273 
77.0) 4.23 X10" 19 16 89.0 16 1+.5 26.1 3.0 0.0883 ().292 
71.9 3.95 & 10” 17 17 100.0 17 10.1 20.8 1.9 117 0.385 
68.7 3.79 « 10" 1] 1] 100.0 1 | 11.6 24.1 rm 0.186 0.355 
61.3 3.3% & 10% 13 13 100.0 13 12.2 19.3 6.0 0.125 ().42% 
60.0 3.31 & 10° 10 10 100.0 10) 90) 18.4 1.5 0.0785 0.415 
575 3.18 & 10°" 28 Pa 96.5 25 10.7 20.4 1.9 0.0760 O.385 
51.2 2.83 & 10°” Y 9 100.0 y 7.8 21.8 0.5 0.0930 0.376 
| 41.3 2.28 «10° 1] 1] 100.0 1] 8.3 16.7 |. 0.137 0.519 
. 40.0 Zz Xe 35 35 100.0 33 8.7 20.1 0.8 0.085 0.402 
, 31.0) 17 «10 1) 10 100.0 10 12.3 29. 0.65 0.119 ().296 
} 28.0) 1.54 10° 10 10 100.0 1G 10.3 20.9 0.32 0.079 0.297 
20.3 112 « 10° 10 1() 100.0) 9 14.7 31.5 ().7 0.092 0.288 
: 18.9 1.04 10° 1] 1] 100.0 1] 13.2 25.5 1.9 ).22] 0.39] 
16.7 92 10" 10 10 100.0 10 13.8 26.8 1.6 O.2115 0.377 
13.9 7.6 10° 1() 10 100.0 8 15.4 27.6 1.7 0.1437 0.353 
13.8 76 xX 10° 12 11 91.8 1] 16.4 33.1 0.9 0.1136 0.290) 
) 9.6 5.28 & 10 +3 +3 100.0 43 8.5 19.6 0.4 0.097 0.513 | 
\ 9) 49 10° 19 1 | 58.0 1] 18.5 33.6 1.3 0.129 0.332 
' 5 4.69 *% 10° 20 19 95.0 19 14.] 24.6 1.2 0.076 ).394 
3.8 3.13 * 10° 26 24 92.4 23 15.9 29.1 0.8 0.074 0.343 
44 2.43 & 10" 24 15 62.5 14 18.2 34.3 0.6 0.0715 0.306 
4.] 2.26 X% 10" 36 26 72.0 24 16.9 27.4 1.5 0.0845 0.381 
3.85 a ei 38 52 89.7 52 12.2 28.2 0.22 0.096 0.380 
3.55 t 4] 40 97.5 
3 34 1.84 107" 60) 52 46.6 32 13.0 28.4 0.28 ).0925 0.380 
. 3.3 1.82 * 10° 64 45 70.0 +] 15.2 32.8 0.25 0.0635 ().32% 
| 3.09 TF =e 3] 9 29.0 5 17.5 S44 0.48 0.100 0.320 
™ 3.0) 1.66 * 10" 27 y) 33.5 y 20.4 34.3 1.4 0.12] 0.329 
n 2.56 141’ 10" 6% 60) X80) 57 13.8 28.5 ().27 ).066 0.386 
af 2.2 121 *« 10” 36 10 27.8 § 18.3 32.7 0.50 0.059 0.329 
1- 1.55 ¥.52 x 10° 60) 1] 18.4 y 17.0 31.5 0.50 0.110 0.372 
Ic 1.3% 7.6 10° 37 9 24.4 Y 21.8 32.2 2./ 0.132 0.376 
- 1.15 6.35 ~ 10" 34 13 38.4 1] 14.7 35.2 0.085 0.075 0.330 
re 85 4.68 & 107° 26 9 34.5 8 23.2 32.8 2.0 0.0675 0.364 
in (). 80) 4.4 10° 39 10 25.6 10 21.1] 33.2 1.0 0.082 0.365 
4S 775 t 5% 19 32.9 
n- 0.4] $ 38 3 79 
e ).244 cos @. 64 1] 17.2 10 19.2 37.0 0.15 0.098 0.366 
0.17 t 31 () 0) 
In 0.144 : 5() 7 14.0 
ch ().097 t 64 8 12.5 
3 ().080 t 34 2 3.7 
* Tumors that regressed were not included as positive. 
as- ¥ Includes only the animals for which the latent period was determined. 
+ Experiments in which the animals were used for percentage takes only. The growth constant was not determined. 
)0t Omitted from final calculation of srowth constant because of percentage deviation from the mean. 
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regular, decrease in the percentage of animals that 
grew the tumor. A plot of these data, with the per- 
centage probable error, is shown in Fig. 1. Although 
there is a considerable scatter of the experimental 
points, a definite trend is indicated. This is shown by 
the freehand curve. 

There were regressions noted among the animals 
inoculated with the more dilute suspensions, while on 
the other hand none at all were observed in those 
inoculated with the concentrated suspensions. In cases 
where regressions occurred the tumors would grow to 
palpable size, remain stationary for some period, and 
then gradually disappear. Autopsy of the animals in 
which regression had occurred tailed to reveal the 
presence of any tumor material, or even of any in- 
creased blood supply. Several stationary tumors were 
removed for microscopic examination, which showed 
that while viable tumor cells were still present the 
tumor was undergoing necrotic changes. 

A plot of the data in column 1, the cell concentra- 
tion, against column 7, the average latent period in 
days, is shown in Fig. 2. Here again there is a wide 
scatter of points, but a freehand curve has been drawn 
through the points, indicating a definite trend and 
showing a progressive increase in latent period with 
decreasing concentration of inoculated viable cells. 

In the previous report (1) it was shown that the 
growth of the Marsh-Simpson tumor was exponential 
with time; therefore trom the data gathered during 
the course of these experiments it is possible to draw 
vrowth curves for the tumors resulting from each 
suspension, by plotting the inoculated volume of 
viable cells (column 2) and the final volume of the 
tumor when the animal was sacrificed (column 10) 
against the average total growth period expressed in 
days (column 8). From the growth curves and the 
experimental values listed in column 7 (“Average 
latent period”) it is possible to read the volume ot 
the tumor at latent period. These volumes are listed 
in column 9. A weighted mean volume at latent period 
was found to be 1.08 x 10° cc., a very good agreement 
with the volume at latent period shown in the first 
report to be 1 x 10°* cc. 

From the slope of the growth curves the volume 
growth constants tor the tumors grown trom each 
suspension were calculated according to the tollowing 
formula; these are shown in column 11. 





Y= a: 


where V is the final volume 


Fo 1S the volume of the cells inoculated 


e is the base of the natural logarithm 
& is the growth constant in days 
t is the time in days from inoculation to sacrifice. 


The values as listed for the growth constant have a 
weighted mean value for p of 0.384. Although these 
values vary widely among themselves, a. statistical 
analysis shows that only three of them vary signif 
cantly from the mean. Omitting the three values 
marked (*) from the calculations of the weighted 
mean for p, the new value was found to be 0.373 per 
day. This value agrees with that formerly published 
for the growth constant for the Marsh-Simpson tumor 
in the Marsh-Simpson strain.” 


CONCLUSION 


From the information presented it can be concluded 
that the rate of growth of the Marsh-Simpson tumor 
is independent of the number or volume of viable cells 
inoculated; and that the only effects of decreased 
numbers of inoculated viable cells are (a) an increased 
latent period, (b) a decrease in the percentage of 
animals that grow the tumor. 
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- The probable error of the mean was calculated according to 
the equation: 
Zd- 


Ps — 0.6745 V vin th 


and the probable error of a single suspension from: 


. . 2d- 
a — 0.6745 “ | 


The significance of these values was determined by the rato: 
i ae By — By 

(p [Ie D> fe 
VP .£.. + PE... 

and it was found that the significance ratio was less than 9 

except for the three experiments marked (*). 

P.E.,, is the probable error of the mean 
P.E.,, is the probable error of a single experiment 
Sd? is the sum of the squares of the deviation from the mean 
n is the number of suspensions 


fi 1s the growth constant for one suspension 
“,, 18 the mean growth constant 
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Colchicine, the alkaloid extracted trom the seed or 
corm of Colchicum autumnale L., the meadow saffron, 
has been known for many years. Houdeé isolated this 
substance in 1887 as a yellow flocculent material solu- 
ble in cold water, alcohol, and chloroform. 

When injected into the body in small doses, it pro- 
duces gastrointestinal symptoms and in some respects 
behaves as muscarine, pilocarpine, physostigmine, and 
snake venom. 

Lits and his associates (39) gave a more detailed 
account of the early uses of colchicine, to which the 
reader is referred. Its empirical formula is C..H2;NO,. 
According to Windhaus it has a phenanthrene nucleus, 
and its structural formula is expressed as follows: 
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Dustin (18, 21, 22) investigated the action of colchi- 
cine on karyokinesis and cytokinesis in tumor tissue, 
and his articles resulted in the development of a num- 
ber of lines of experimental study, but the large 
number of reports on colchicine now extant makes it 
impracticable to include all in a general survey. Hence 
only the salient features of the problem will be men- 
tioned here, and emphasis given to those studies that 
deal with the effects of colchicine alone or in combina- 
tion with x-rays on animal and plant hyperplasias. 

The early studies on the effects of colchicine on 
cancer were fragmentary and without experimental 
basis. The belief that colchicine is an ameliorative in 


*Samuel Markowitz and Eleanor Acham rendered valuable 
assistance in this study. 


cancer seems to have been derived from some observa- 
tions on gouty patients who were suffering concur- 
rently from cancer. In “Peau, Syphilis, Cancer” (17) 
mention was made of Dominici’s observations on can- 
cer patients suffering from gout. He asserted that they 
showed improvement and that the cancerous condition 
was arrested after treatment with colchicine. 

Investigation of the mechanism of nuclear and cell 
division and attempts to alter their course have been in 
progress for many years. In 1933, in collaboration with 
Grégoire, Dustin studied the effects of various com- 
pounds on mitosis in mouse sarcoma 180. Dustin (18) 
continued these studies with a series of karyoklastic 
agents, and showed that colchicine has a stimulating 
effect on cell division much like that produced by 
sodium cacodylate. The number of nuclear divisions 
was calculated to be 15 times greater than in untreated 
tumor. These divisions were followed by karyorrhexis. 
Colchicine produced the maximum number of division 
stages in the sarcoma at the ninth hour after injection. 
Similar reactions were observed in the Kupffer cells, 
reticuloendothelial cells, the megacytes, and testicular 
cells. 

Dustin (19) studied further the effects of numerous 
chemicals on cell division and suggested they could be 
arranged in two classes: The first he characterized as 
having essentially an inhibiting effect on karyokinetic 
division that resulted in “karyoklastic shock.” Sub- 
stances in the cacodylate group he considered to be 
powerful excitants of mitotic division. He described 
the cytoplasm of these cells as turgescent; the prophase 
stages as of short duration, followed by atypical meta- 
phase stages. The prolonged metaphase stage, which 
was characteristic of colchicine treatment, showed 
chromosomes condensed into compact masses, which 
he described as “radiomimetic.” These mitoses either 
disintegrated, or were completed without the aid of an 
achromatic spindle. This division was frequently fol- 
lowed by the development of “monstrous” nuclei. 
Dustin believed that malignant cells are highly sensi- 
tive to this alkaloid. He (20) showed, too, that the 
dosage of colchicine required to bring about extreme 
mitotic activity in tissues of the mouse was a very small 
fraction of that required for cacodylate. He found that 
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the reaction occurred principally in the generative 
zone, or in cells made to divide by various means such 
as trauma, inflammation, carcinogenic activity, or hor- 
mones. Achromatic figures, asters, and spindles were 
totally lacking in these “colchicinized” cells. While 
some cells showed complete pycnosis, normal telophase 
stages and cytoses occurred. Some cells assumed nor- 
mal telophase stages and formed giant or polyploid 
nuclei. Dustin proposed the name of “stathmocinesis” 
for this type of indirect division, and applied the name 
“stathmocinetic poison” to colchicine. He contended 
that the arrest of nuclear division in the metaphase was 
preceded by a phase of excitation that distinguished 
this poison from those that merely inhibited division. 

Delcourt (13, 14), working in Dustin’s laboratory, 
studied the effects of colchicine at ordinary tempera- 
tures on tissues of the lower vertebrates: the frog, sala- 
mander, and axolotl. He found that a pycnotic stage 
precedes the excitation of mitosis. The dividing cells 
acted upon by colchicine showed a complete absence of 
spindles, and the chromosomes were clumped. Del- 
court found that the effects of feeble doses of colchicine 
were augmented by a higher temperature (37° C.). 
The maximum response in the frog occurred at 162 
hours, while the axolotl showed the maximum number 
of division stages at 183 hours. 


ACTION OF COLCHICINE ON PLANTS 


Havas (26), another of Dustin’s collaborators, 
studied the effect of colchicine on plants inoculated 
with Bacterium tumefaciens, an organism that induces 
tumors. He observed that colchicine stimulated the 
appearance of tumors, but found when the end results 
were examined that tomato stems treated with colchi- 
cine bore tumors that were but half the weight of 
those in the controls. This led him to believe that 
colchicine is detrimental to the general development of 
the plant. Tomato crown-galls painted with a mixture 
of lanolin and colchicine showed a reduction in the 
weight of the tumors as compared with controls. In 
Pelargonium stems there was no effect on the size of 
the tumor. Begonia stems covered over a scarred area 
of about 1 cm. with a mixture of lanolin and cholchi- 
cine showed stimulated development in the area, while 
similar treatment of /mpatiens proved toxic in some 
cases; the resistant stems, however, produced adventiti- 
ous roots. Havas (27) studied further the effects of 
colchicine on germinating seeds and seedlings of a pure 
line of Wilhelminia wheat. Roots and root-hair de- 
velopment were stimulated at first, but the effects were 
followed by a depression of the growth rate and finally 
by complete arrest. Colchicine effects were shown in 
these seedlings by the development of bulbous hyper- 
trophy of the root tips and the liquefaction of certain 
parenchymatous elements. Havas (28) later attempted 


to show that colchicine effects are of a hormonal 
nature, as evidenced by the appearance of adventitious 
roots, “pseudoneoplasms” on root tips, hypertrophy of 
the coleoptile in seedlings, and the stimulation of 
somatic growth in Begonia. 

Havas believed he was dealing with a “phyto- 
hormone’ comparable with the wound hormone, trau- 
matin, yet concluded that colchicine is not a hormone 
but a mobilizer of the hormone already present in the 
plant. The hypertrophies produced on root tips he 
thought (29) analogous to crown-gall disease. 

The contention of Dustin and his associates that 
colchicine inhibits tumor growth resulted in many 
studies designed especially to determine this point. 
Animal pathologists directed their attention to its 
effects on a number of different types of neoplasia in 
man and the lower animals, but no other type of plant 
overgrowth commonly referred to by _ botanists as 
tumors, such as the potato wart, club root, and nema- 
tode galls, has so far been investigated. 

srown (5) attempted to prevent crown-gall, as well 
as to destroy it when fully formed, but concluded that 
colchicine does not prevent formation of the over- 
growths caused by indolacetic acid on B. Tumefaciens. 

Additional attempts to kill or inhibit fully grown 
crown-galls led to the conclusion that death of the galls 
was not due to direct killing or inhibition of the 
bacterial organisms, but that the colchicine affected the 
growth substances in the plant. 

Dermen and Brown (15), studying the cytological 
effects of colchicine on plant tumors, found cellular 
changes associated with excessive polyploidy and multi- 
ploidy in the affected meristematic cells of the tumor. 
The effects induced by the colchicine were not imme- 
diate, for growth in controls and treated tumors con- 
tinued for a week; then the treated tumors blackened 
and eventually died. The principal cytological change 
accompanying these morphological ones was mult- 
ploidy, which resulted in large nuclei in enlarged 
cells of the treated tissue. The size of the cells so 
produced had definite limits, the authors believed. 
beyond which death followed. They suggested re- 
peated colchicine injections in conjunction with irradi- 
ation as a therapeutic measure for cancer. 

Solacolu, Constantinesco, and Constantinesco (52), 
who treated crown-galls on stems of Pelargonium 
zonale and Ricinus communis with colchicine, ob- 
served that a layer of meristem formed between the 
tumor and the host; this new tissue became suberized 
and thus cut the metabolic exchange between plant and 
tumor so as to kill the new growth. 


AcTION OF COLCHICINE ON ANIMAL TISSUE 


Lits (38) investigated the cellular lesions produced 
in animals by this alkaloid. Its injection into rat 
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tumors frequently resulted in the production of cells 
too abnormal to be viable. The aberrant cells so tre- 
quently seen in malignant growths were destroyed. 
Lits believed that the cytological effects of the colchi- 
cine resembled those induced by radium, and con- 
tended that colchicine was more karyoklastic than 
“karykinetogenic. Rat tumors, benign or malignant, 
were found sensitive to the radiomimetic properties ot 
colchicine. 

Lits, Kirschbaum, and Strong (40) emphasized the 
radiomimetic properties of colchicine described by 
Dustin, after having studied its effect on the lymphoid 
tumors of mice injected with leukemic lymphoid tissue. 
Though the survival time of controls was 31.5 days as 
compared to 50.5 days in colchicine-treated animals, 
in no case was there complete regression without 
recurrence. 

Amoroso -(1) tested the efficacy of colchicine on 
carcinoma 63 in white mice. The tumors grew more 
slowly than the controls, and at the end ot 2 weeks 
there was no microscopic evidence of them in two- 
thirds of the treated animals; the remaining third 
showed complete regression 8 weeks later. In another 
series of similar experiments there was no recognizable 
tumor development 2 weeks after colchicine injections 
had been given. 

Poulsson (47) found that the drug had no effect on 
transplanted, spontaneous, or tar tumors of the mouse. 

Peyron, Latay, and Kobozieft (44) reported com- 
plete regression of the Shope rabbit papilloma after 
treatment with colchicine. In a later paper (45), in 
collaboration with Poumeau-Delille, Peyron and Latay 
described the injection of rabbits bearing Shope papil- 
lomas with slightly smaller doses (1 mgm.) of colchi- 
cine. The control rabbits, with the exception of the 
cases of spontaneous regression, suffered the usual 
changes characteristic of this disease, followed by death. 
The treated animals, on the other hand, were tree of 
tumors within 3 to 5 weeks. Local applications ap- 
peared to be effective also, and the authors expressed 
the opinion that colchicine given orally or by local 
applications might be beneficial in precancerous lesions 
or benign tumors in man. 

Clearkin (12) could not see that colchicine exerted 
any effect upon mouse sarcoma 37 in vivo. In vitro, 
however, 60 per cent of explants of tumors from treated 
animals failed to grow, and in the remaining cultures 
growth was very slight, whereas controls showed 
vigorous growth in 90 per cent of the cultures. 

Ludford (41), who was among the first to investi- 
gate the effects of colchicine on animal tissues, studied 
the action of this and other chemicals on mouse car- 
cinoma 63 in vivo and in vitro. Colchicine in a dilu- 
tion of 1:800 to 1:100,000 inhibited outgrowth and 
arrested cell division in both normal and malignant 
Ussue. Ludford’s experiments showed that the reac- 


tions of cells to colchicine or sodium cacodylate were 
essentially alike, but that the former is active at a much 
lower concentration than the latter and over a wider 
range. Ludford is credited with having pointed out 
the inhibiting action of colchicine; the stimulative 
effect at first described by Dustin and his co-workers 
was shown to be merely an accumulation of the 
arrested cells in metaphase. 

Schairer (48) used ascitic cancer of the mouse in 
vivo as the test material. Besides observing the typical 
colchicine phenomena he noted that the mitotic 
changes appeared in 2 hours and that the accumu- 
lated mitotic figures became prominent at 15 hours. 
Like Ludford, he concluded that a curative effect with 
colchicine could not be attained without injury to 
the animal. 

Tennant and Liebow (53), who also resorted to 
tissue culture, found that colchicine decreased the 
growth rate of mouse mammary cancer in a concen- 
tration as low as 1:64 million. The rate of mitosis was 
reduced, but the cells in mitosis accumulated. Many 
cells remained alive, as demonstrated by successful 
transplantation. 

Bucher (11) studied the growth rhythm of fibro- 
blasts in tissue cultures to which colchicine had been 
added. It was tound to retard the division rate, with 
initial injury in 2 to 3 hours. Bucher believed that 
colchicine produces its effect by disturbing a regula- 
tive mechanism. 

Gavrilov and von Bistram (23) employed heart and 
iris of the chick zm vitro. Colchicine in low concentra- 
tions acted as a specific mitotic poison, producing 
vacuolization and granulation of the cytoplasm. A 
new form of cell, derived from macrophages and fibro- 
blasts under the influence of colchicine and character- 
ized by a compact and deeply stained nucleus, was 
described as “monocytoid.” When the action of col- 
chicine was not too severe the monocytoid cells 
recovered and regenerated into macrophages and 
fibroblasts. 

Brues (7) investigated the effects of colchicine on the 
regenerating liver of the rat following partial hepatec- 
tomy. Microscopic examination tailed to show the 
stimulating effect described by Dustin, although large 
doses induced abnormal mitosis. 

Brues and Cohen (8) injected partially hepatecto- 
mized rats with an aqueous or oily solution of colchi- 
cine. With the smallest doses the number of arrested 
mitoses was small, and while most of the chromosomes 
were clumped some cells showed scattering of chromo- 
somes. With 0.2 mgm. optimum results were obtained 
for the number of arrested mitoses. The largest dose 
(1 mgm.) caused death, coupled with the smallest 
number of mitoses. All the colchicine derivatives used 
(octahydro-colchicine, N-acetylcholchicine, and 4 de- 
rivatives of the latter compound) produced effects 
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similar to that of colchicine, but only when applied in 
considerably higher doses. Dimethyl and trimethy] 
colchicinic acid were found effective in arresting 
mitoses in any sublethal or lethal dose. 

Scheifley and Higgins (49) also studied the effect 
of colchicine in male white rats in which 70 per cent 
of the liver had been Its toxic effect, as 
measured by mortality, was found inversely propor- 


removed. 
tional to the amount of liver present. 


ACTION OF COLCHICINE AND X-RAys 


srues and Jackson (9) studied the nuclear abnor- 
malities induced by colchicine and other substances in 
a rat sarcoma, and suggested that the size of the dose 
determined the degree of aberrant cytological behavior. 
In a later paper (10), they described the effects of the 
daily administration of colchicine on animal tumors 
and regenerating tissue. They believed that a narrow 
range of dosage exists that causes the characteristic 
effect upon cell division, and that this dosage can be 
injected daily without causing the death of the animal. 
The belief that cells in mitosis are most susceptible to 
the effects of roentgen radiation led them to study the 
influence of x-rays on colchicinized tumors. Colchicine 
alone caused no regressions, though the tumors re- 
mained quiescent or retarded. As there was little 
difference between the tumors that were irradiated 
only and those treated with colchicine and irradiation 
it was concluded that colchicine has no effect on the 
response of these tumors to irradiation. 

Guyer and Claus (24), on the other hand, concluded 
that a far greater lethal effect was produced by the 
combined effects of colchicine and x-rays than by either 
one alone. 

In a later paper (25) these authors reported the 
effect of the injection of distilled water into Flexner- 
Jobling rat carcinomas 15 hours after a subcutaneous 
injection of colchicine had been given. After 1 week 
the tumors sloughed away superficially, and many of 
them appeared to be healing. 

Oughterson, Tennant, and Hirshfeld (42) reported 
the effect of subcutaneous or intramuscular injections 
ot colchicine in 21 cancer patients. Of this number, 
15 permitted biopsies before the alkaloid was adminis- 
tered. Nine and a half hours after the colchicine had 
been injected biopsy was again carried out, or the 
entire tumor was removed. The doses of colchicine 
varied from 1 to 4 mgm., and as little as 1.5 mgm. was 
found to produce the typical cellular changes. In some 
cases the authors were able to secure frequent biopsies, 
and counted 19.6 cells in metaphase per high power 
held 12 hours after the administration of colchicine, 
as compared to 2.6 mitoses in the contro!s. Later (31) 
this group studied the combined influence of colchicine 
and radiation on a transplantable mammary mouse 
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carcinoma, and concluded that colchicine did pot 
strikingly increase the destructive effects of x-rays, nor 
did it have any effect on the regression of spontaneous 
tumors in strain A mice. 

Seed, Slaughter, and Limarzi (30) investigated the 
effect of colchicine combined with x-rays on advanced 
carcinomas in man. The 4 cases reported consisted of 
2? breast adenocarcinomas, 1 rectal tumor, and one 
unclassified mass in the neck of a male. Two of the 
subjects died of colchicine poisoning and the others 
of their tumors. 


ACTION OF COLCHICINE AND BACTERIAL FILTRATES 


Andervont (2), who investigated the effects of col- 
chicine and bacterial products on transplanted and 
spontaneous mouse tumors, concluded that colchicine 
and bacterial filtrates supplement each other in_pro- 
ducing hemorrhage and regression in transplantable 
tumors, but that the combined effects are no greater 
than that of a single injection of colchicine. Ascorbic 
acid, which prevents hemorrhage into tumors after 
the injection of bacterial filtrates, proved ineffective 
after colchicine. 

Boyland and Boyland (3, 4) showed that tumor- 
bearing mice and rats, injected with a nearly lethal 
dose of colchicine, suffered hemorrhage into the tumor, 
with a reduction in its ascorbic acid content. They 
believed that filtrates of B. typhosus and _ colchicine 
resemble each other in their effects. A given dose of 
colchicine was more toxic to tumor-bearing than to 
normal mice, and ascorbic acid had no favorable effect 
on the survival rate of tumor mice. Studies were made 
on transplanted, induced, and spontaneous mouse 
tumors after intraperitoneal injections ot colchicine, 
followed by x-rays 18 to 20 hours afterward. The 
authors concluded that spontaneous tumors are much 
less affected than grafted ones, and somewhat less than 
methylcholanthrene tumors. Neither ascorbic acid nor 
2-methylnaphthoquinone altered the effects produced 
by colchicine. 


COLCHICINE RATIONALE 


It has been shown that colchicine administered or 
applied in small doses to animals or plants produces 
a retarding effect on mitosis in the cells of either 
vrowing vegetative or germinal tissue. The meta 
phases begin to accumulate 2 to 3 hours after the 
colchicine is given, reach a maximum number.in 10 
to 15 hours, and then gradually return to normal. In 
cold-blooded animals the accumulation of these mitotic 
figures is much slower, and lasts 5 to 7 days. In the 
roots of onions the metaphases reach a maximum at 
24 hours and then slowly decline, in spite of the con- 
tinued application of the drug, to a stage where the 
divisions are fewer than in normal, untreated roots. 
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The reconstructed nuclei after the treatment frequently 
form polyploid giant cells, which persist or are 
eliminated. 

In malignant animal growths colchicine emphasizes 
the division phase. Many of the chromosomal aberra- 
tions found in malignant cells (35) are analogous to 
those induced by colchicine. The evidence that colchi- 
cine increases these stages in the tumor-cell cycle has 
been well established. The young peripheral cells, 
apparently diploid, become arrested in division and 
present hyperchromatic stages typical of the older parts 
of the tumor. These considerations suggest the ratio- 
nale for colchicine therapy in cancer. However, some 
cells in animal tumors return to the status of young, 
active cells, which leaves the tumor capable of con- 
tinued growth. The attempt to destroy these cells by 
additional colchicine raises the colchicine level to the 
lethal point and so causes death of the animal. 

The application of x-rays to tumor tissue following 
colchicine seemed to be indicated. The colchicine 
keeps the active peripheral cells of a tumor in the 
metaphase stage so that a much larger number of cells 
in division, a vulnerable stage, is exposed to the lethal 
effect of x-rays. 

The results so far presented, however, have been 
inconclusive. Some investigators have found that col- 
chicine alone caused complete regression of lymphoid 
tumors; others have seen some improvement in animals 
with carcinomas or sarcomas after colchicine and x-rays 
combined over comparable neoplasms treated only 
with x-rays. 

Tumors induced on plants by bacteria or chemicals 
were destroyed by colchicine alone, but the self-limiting 
nature of these tumor-like growths precludes any com- 
parison between the effects of colchicine on animal 
tumors and the crown-gall disease of plants. However, 
in some cases, the plant overgrowths appeared to die 
sooner after colchicine treatment than when left to 
complete their life cycle. 

It thus appears that a study of the combined effects 
ot colchicine and x-rays on a simple fundamental 
issue, meristematic in nature and responsive to both 
agents, would simplify the interpretation of the results 
obtained from them. It was believed that such a study 
would serve as forerunner of an investigation on the 
effects of these agents on animal tumors of cytogenetic 
homogeneity. 


MATERIALS AND METHODS 


Root tips on the bulbs of Allium cepa var. Yellow 
Globe, picked for their approximate uniformity of size 
and freedom from bruises and fungus infection, were 
selected for this study. In one set of experiments 18 
bulbs of Allium cepa var. Brigham Yellow Globe, sent 
tome by Dr. Henry A. Jones, U. S. Department of 


Agriculture, were used. These varied little in size, 
weight, and color. The bulbs used in the winter and 
early spring germinated promptly when set in water, 
but the dormancy of the summer crop had to be 
broken by exposure to low temperature (2° to 5° C.) 
tor 10 to 15 days. There were 15 sets of experiments, 
in each of which 6 to 40 onions were employed. Each 
set was started with a much larger number of bulbs 
than was actually used, for a small number were dis- 
carded during the first days of germination because of 
their failure to produce a satisfactory number of roots. 
The bulbs were identified by applying small numbered 
squares of adhesive to the surface ot each, weighed, 
and placed on the mouths of cylindrical bottles of 
240 cc. capacity filled with tap water. The water was 
changed daily, and the bulbs were washed in running 
water for a minute before they were returned to 
the jars. 

In general these plants were kept in water for 3 to 
12 days before they were transterred to similar jars 
filled with an aqueous solution of 0.01 per cent col- 
chicine in tap water. In preparation for irradiation 
after certain intervals following colchicine exposure, 
the roots were washed in running water and placed 
on an inverted cardboard box, the bottom of which 
was perforated with 7 holes, each large enough to 
cradle a bulb. The bulbs were inverted so that the 
leaves or leaf ends were inserted into the holes and 
the root ends exposed to the air. The bulbs were then 
surrounded by walls of moist filter paper to prevent 
drying. 

The x-ray machine employed delivered 95 to 133 r 
per minute during the different exposures made. 
The voltage was 200 kv., 25 ma. with a filter of 
0.5 mm. copper and 3 mm. aluminum. The distance 
from the target varied for a given set of onions from 
42 to 67 cm. Irradiations were made in single ex- 
posures with a total of 900 r, 1.500 r, or 3,000 r. The 
actual exposure time varied from 11% to 30 minutes. 
The time consumed by the irradiation varied from 
17 to 40 minutes. The non-x-rayed onions ina given 
experiment were removed from their cylinders for a 
period equal to that consumed for irradiation, and 
precautions were taken with these also to prevent 
drying. The position of each bulb under the x-ray 
machine was then recorded although the portal of the 
x-ray machine was open and no cone was used, so that 
the field was considered to be evenly covered by the 
x-rays. Root tips of treated and control onions were 
fixed at definite intervals in Bouin's, Carnoy’s, and 
Flemming’s weaker solution. The material was em- 
bedded in paraffin and sections 5 to 74 » were made. 
Flemming’s triple stain and Heidenhain’s iron hema- 
toxylin were used. Brilliant results were obtained with 
suffranin counterstained with light green dissolved in 
oil of cloves. 
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CoLcHICINIZED Root Tips oF THE ONION 


Root tips of Allium cepa exposed to colchicine have 
been studied by a number of investigators. Havas 
(27), Kostoff (32), Levan (33), Shimamura (51), and 
others showed that colchicine causes hypertrophy of 
seedling parts as well as roots. While these swellings 
were referred to as “tumors,” a modifying word like 
“colchicine” might be added to separate this type of 
growth from plant overgrowths such as crown-gall, 
potato wart, club-root, and possibly other plant hyper- 
plasias. 

A series of concentration studies were made in this 
laboratory, and it was found that the most appropriate 
strength was approximately 0.01 per cent, because it 
produced swellings after 24 hours that made it possible 
to gauge macroscopically the effects of irradiation. 

The effect of the solution was then studied to deter- 
mine the time required to produce root-tip hyper- 
trophies, their behavior in prolonged exposures to 
colchicine, and their reaction on return to water. 
Three sets of preliminary experiments were made with 
18 onions. These bulbs germinated in water at room 
temperature in 24 hours, and at 48 hours each showed 
from 2 to 8 roots measuring from | to 2 cm.; at 5 days 
there were from 8 to 35, measuring from 1 to 4 cm. 
in length. On the eighth day the average number of 
roots per bulb was 30. Nine of these bulbs were placed 
in 0.01 per cent colchicine and the remainder left in 
water as controls. In 24 hours very small hypertrophies 
began to appear on most of the root tips. At the end 
of 48 hours the tips were definitely swollen, measured 
1 to 2 mm. in diameter, and were pointed at the 
extreme end. Roots that had formed just prior to their 
immersion in the colchicine were transformed into 
swollen bulbous or club-like structures. Continued ex- 
posure produced no decided increase in the size of 
these hypertrophies. The return of the bulbs to water 
after more than 200 hours in colchicine caused these 
roots to resume growth in 3 to 4 days; the growth 
started at the distal portion of the hypertrophy. Root 
tips treated with colchicine were fixed at 6, 18, 24, 36, 
48, 72, 144, and 200 hours, and at various periods after 
their return to water tollowing exposure to colchicine. 

These preliminary experiments were further made 
the basis for determining the time at which the meta- 
phase stage in cell division appeared in greatest num- 
bers, so as better to adjust the time when irradiation 
would be most effective. Although the hypertrophies 
were greatest at the 48th hour, cytological preparations 
showed that the greatest number of metaphases oc- 
curred earlier, confirming a report from this laboratory 
(36) that onion root tips exposed to 0.01 per cent 
colchicine produced the maximum number of meta- 
phases at about 24 hours. Irradiation was therefore 
carried out principally at 24 and 48 hours after 
colchicine. 


Untreated onions showed no uniformity in leaf 
development, and the colchicine solution alone seemed 
to have no effect on leat growth. 

Microscopic studies proved that the concentration of 
colchicine used was in itself not destructive to the 
cells, and roots exposed for as long as 200 hours 
exhibited only a reduction in the size of the meriste- 
matic zone. The extreme tip atrophied and many of 
the cells showed deeply stained homogeneous nuclei. 
Median longitudinal sections of such roots showed that 
the cells were hypertrophied, but the zone of elonga- 
tion remained inactive. There were areas of cellular 
activity that apparently represented secondary root 
anlages. The cells in these roots revealed few, if any, 
mitotic figures. The central or plerome cylinder of 
cells showed well differentiated nuclei and _ large 
vacuoles, while those in the periblem, or mid-region, 
and dermatogen, or outer zone, contained large irregu- 
lar nuclei, some of which were densely stained and 
undifferentiated. Cells in the root anlages appeared 
quite normal, with a number of nuclei in mitosis, 
although the exact stages were not to be definitely 
established. The cells were embryonic in nature, with 
large, densely stained nuclei. When returned to water, 
these roots resumed growth and the bulbs produced a 
small number of new roots. 

The root tips of the control onions grown in water 
for the same periods appeared normal. A small! num- 
ber of cells were found in all stages of nuclear and 
cell division. 


THe Errect ot CoLcHIcINE AND 900 ROENTGENS 


The effect of a single dose of x-rays of 900 r on 
colchicinized root tips of bulbs of the Yellow Globe 
var. of Allium cepa was studied in a series of 6 expert 
ments. One hundred and thirty bulbs were grown 1n 
fresh tap water from 3 to 12 days, and 82 were then 
colchicinized for 24, 48, 72, 120, 135, and 140 hours. 
Thirty-two bulbs were irradiated, and of that number 
21) were colchicinized. There were 3 to 4 irradiated 
colchicinized bulbs in each of the 6 experiments. The 
controls consisted of non-x-rayed colchicinized bulbs 
together with those that were neither x-rayed nor 
colchicinized. 

The results show clearly that root tips exposed to 
0.01 per cent aqueous solution of colchicine for as long 
as 140 to 200 hours suffer no permanent effect on 
growth. When returned to water they recover, and 
new primary and secondary roots are formed. 

The colchicinized root tips irradiated with 900 1 
show that the length of colchicine exposure influences 
recovery, long exposures (72 to 140 hours) followed 
by irradiation completely inhibiting growth (Fig. 1). 
The colchicine controls show new growth (Fig. 2) 
5 days after their return to water. With shorter col- 
chicine exposures (48 hours and less) growth is still 








IC 
»S 
IT 


Ip 
on 








Levine—Effect of Colchicine and X-Rays on Onion Root Tips 113 





| / : | / 2 


Fic. 1.—Roots of bulbs exposed to colchicine 72 hours, irradiation 900 r; 5 days after their return to water. 
Fic. 2.—Roots of bulbs from same series not irradiated, colchicinized for 3 days; 5 days after their return to water. 
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inhibited, yet the bulbous tips produce outgrowths 
trom their distal portions. Fig. 3 represents a series 
of bulbs 1114 days after their return to water. These 
roots were exposed to colchicine for 48 hours and 900 r. 
The control bulbs (Fig. 4) were colchicinized for 2 
days and were photographed 1114 days after their 
return to water. Obviously the inhibiting factor is not 
a function of the irradiation (900 r), which had only 
a temporary retarding effect, but the combined result 
of both agents. These gross observations were well 
supported by microscopic evidence. The short colchi- 
cine exposures followed by irradiation left unimpaired 
meristematic cells that were capable of producing new 
growths. The long colchicine exposures coupled with 
900 r inhibited and impaired the fundamental tissues, 
and no outgrowth occurred from the hypertrophies. 
Irradiated (900 r) non-colchicinized root tips failed to 
show the gross and microscopic changes induced by 
the application of both agents. 


THe Errect or CoLcHiciInE AND 1,500 AND 
3,000 RoENTGENS 


These investigations were made on a strain of 
selected onions of the Brigham Yellow Globe variety 
of Allium cepa together with bulbs of the Yellow 
Globe variety culled from the open market. They were 
germinated tor 7 to 8 days after they had been chilled 
tor 12 to 14 days to break their dormancy. The roots 
were then immersed in an aqueous solution of 0.01 per 
cent colchicine for various periods. Of the colchi- 
cinized onions some were x-rayed and returned to 
water. A number of bulbs were x-rayed only, and an 
equal number were treated with neither colchicine 
nor x-rays. 

In one experiment 18 bulbs of the Brigham Yellow 
Globe variety were used. These weighed from 58 to 
94 gm. and germinated uniformly 8 days after they 
were placed in water, although the number of roots 
on each varied. 

Leaves developed on all bulbs with only slight differ- 
ences in number and size. These bulbs were divided 
into two groups and 6 bulbs of each were set into the 
colchicine solution, while 3 remained in water. After 
an exposure to colchicine for 48 hours 5 bulbs were 
irradiated with 1,500 r; 2 were not colchicinized, but 
irradiated only. In the other group, 5 bulbs were 
colchicinized and exposed to 3,000 r and 2 non-colchi- 
cinized bulbs were included in this exposure. Two 
colchicinized bulbs were removed from the chemical 
at the time the irradiated bulbs were returned to 
water, while the 2 remaining bulbs were kept in water 
without treatment. Five days after the bulbs were 
x-rayed, the leaves of all were removed to Getermine 
the effects induced by the various treatments on the 
growth capacity of the leaves. These were all cut down 


——_——____ 
to 5.5 cm. above the bulb. Six days later it was obyioys 
that the leaves of the colchicinized-x-rayed bulbs grew 
little, and the cut ends of the old leaves browned 
slightly. The colchicine treated bulbs and the water 
controls continued to grow. It was apparent that the 
concentration of colchicine used interfered little with 
leaf growth, while the combined effects of the colchj- 
cine and x-rays had an inhibiting effect. There seemed 
to be slightly better growth of leaves on bulbs that 
were x-rayed only than on those that were colchicinized 
and x-rayed. Further study of these leaves 12 days 
after their return to water (Fig. 5) showed that those 
exposed to colchicine and 3,000 r grew least, while 
those that received 1,500 r were next in size and the 
colchicine and water controls grew best. The x-rayed 
bulbs showed only slightly better growth than the 
colchicinized and x-rayed bulbs. 

The roots of these bulbs were studied at various 
intervals after treatment. The colchicinized bulbs 
(Fig. 6), bulbs numbers 2 and 7, which were given 
1,500 r and 3,000 r respectively, showed clearly 9 days 
after their return to water that growth of the meristem 
had been inhibited. The noncolchicinized but .irradi- 
ated bulbs (3,000 r) showed considerable root injury. 
The roots of a bulb, number 5, that received 1,500 r 
showed the characteristic bending or twisting of the 
root tips and fewer necrotic ones, while one, num- 
ber 18, that was colchicinized only showed out- 
growths of the hypertrophied root tips with an abun- 
dance of secondary roots. The water control, number 
10, showed evidence of continued growth even though 
bulb decay occurred. 

The roots from some bulbs selected at random from 
each of these series were counted and measured betore 
and after treatment. These were removed after their 
return to water for 19 days to study better the effect 
produced by the treatment. The control bulbs grown in 
water for 29 days showed a number of long roots with 
many secondaries. Some of the small roots appeared 
water-soaked and necrotic. The root tips on the rest 
were firm and appeared to be active. The roots that 
were irradiated with 1,500 r had been in water 10 days 
before and 19 days after treatment. The x-ray effects 
seemed to be confined to the root tip areas, where 
slight torsion and bending were noted. There was 
evidence of growth, yet no secondary roots appeared. 
The roots of bulbs irradiated with 3,000 r showed more 
definite distortion of the root tips of the long roots. 
while the short ones showed no such evidence. The 
root tips appeared viable and capable of growth. The 
bulbs that were colchicinized only and returned to 
water produced a large number of new roots, with an 
abundance of secondary ones; these developed after the 
bulbs were returned to water, further evidence that 
colchicine had no permanent growth-inhibiting effect. 
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Fic. 5.—Effect of colchicine and irradiation on leaves of bulbs. Bulbs 7, 8, 9, 11 colchicine and 3,000 r; 13, 17, 3,000 :: 
2, 3, 4, 6 colchicine and 1,500 r; 5, 16, 1,500 r; 14, 18 colchicine, in water 12 days after colchicine and x-rays: bulb 15, water only 
for 22 days. 

Fic. 6.—Roots of some bulbs shown in Fig. 5; bulb 10, water only for 19 days. 
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Roots examined from the bulbs that were colchicinized 
and irradiated with 1,500 r, 19 days after treatment, 
showed a very limited extension of the bulbous tip on 
a few of the roots. Here the inhibition of growth in- 
duced by colchicine and x-rays was practically com- 
plete. Similar gross effects were obtained with longer 
exposures to colchicine (72 hours) and less irradiation 
(900 r). Roots of colchicinized bulbs irradiated with 
3,000 r showed complete arrest of growth. A number 
of the roots were water-soaked and disintegrated. No 
new roots were formed and no secondary roots were 
visible. The x-ray dosage that completely inhibits 
growth seems to be slightly above 1,500 r when com- 
bined with an exposure to 0.01 per cent colchicine 
solution for 48 hours. 

It appears that the colchicinized bulbs were more 
vulnerable to the x-ray treatment even though the time 
of exposure occurred when the number of dividing 
cells had passed the peak of their reaction to the drug. 
The “colchicine tumor” furnished a means of demon- 
strating growth inhibition and helped to show clearly 
that the colchicine facilitated the action of the x-rays 
in permanently arresting growth and destroying tissue. 
Microscopic studies of these roots, together with daily 
measurements, furnished further evidence on_ this 
point. These observations will be reported elsewhere. 


SHort Exposures TO COLCHICINE 


The fact that exposure to colchicine for 48 hours and 
irradiation with 900 or 1,500 r retarded and limited 
the colchicine hypertrophies, made it necessary to study 
the effects of irradiation on roots exposed to this 
chemical for periods shorter than 24 and 48 hours. 
Eighteen onions of the Yellow Globe variety were 
germinated in tap water for 8 days and then exposed 
to 0.01 per cent solution of colchicine for 181% and 
36 hours to test the effect of x-irradiation of 1,500 r. 
A 6 hour exposure to colchicine seemed too short to 
bring about the necessary toxic effects; while nuclear 
divisions were arrested and metaphases began to accu- 
mulate, no hypertrophies were produced and root mea- 
surements were necessary to determine the effect 
produced. 

Fourteen of these bulbs were set in the colchicine 
solution. After 1814 hours a group of 7, designated as 
“A,” was returned to water. The remaining 7 bulbs, 
sroup “B,”’ were continued in colchicine for 171, 
hours longer. At the end of 184 and 36 hours, 5 bulbs 
‘rom each group were irradiated with 1,500 r and 2 
bulbs colchicinized were irradiated with each group. 
Photographic records were made at frequent intervals 
alter they were returned to water. The colchicinized 
ind x-rayed root tips, 9 days after their return to water, 
showed resumption of growth of the bulbous tips. The 
hypertrophies were small after this short colchicine 


exposure, nevertheless they were clearly recognizable, 
and marked clearly the new growth after their return 
to water. When contrasted with the nonirradiated 
colchicine roots, except that the latter produced many 
secondary roots, little or no differences were noted. 

Root tips irradiated only showed merely slight twist- 
ing of some of the root tips already mentoned. It was 
evident that the colchicine and the irradiation had no 
permanent effect on the ability of these roots to resume 
growth. Twenty-three days after treatment, however, 
these bulbs presented some contrast with the earlier 
stages. At this time, colchicinized-x-rayed bulbs 
showed only slight increases in the length of roots. 
Secondary roots were formed on the distal portion ot 
some of the long primaries, and some new roots had 
tormed. The x-rayed bulbs showed slight increases in 
root length and in the number of roots. The colchi- 
cinized bulbs not irradiated produced many new roots, 
as well as long outgrowths from the hypertrophied 
root tips. The effects of the colchicine appeared to 
produce no noticeable changes. In contrast with these 
results the longer colchicine exposures, 48 hours and 
more, coupled with 1,500 r, showed nearly complete 
and permanent inhibition of growth. 

It seems that while colchicine produces analogous 
cytological changes at 6, 12, 18, 24, and 48 hours of 
exposure, some alterations microscopically unrecog- 
nizable are induced. This permits the cells to resume 
growth tor a brief period after the shorter exposures 
to colchicine coupled with 1,500 r, and completely and 
permanently arrests growth after the longer colchicine 
exposures are coupled with the same x-ray dosage. 
This is evidence that irradiation is not the sole factor 
inhibiting growth, but that both agents supplement 
each other effectively. 

The “B” group of onions, studied simultaneously 
with the “A” group, was exposed to colchicine for 36 
hours followed by irradiation with 1,500 r. 

The hypertrophied tips on the colchicinized irradi- 
ated group showed slight growth 8 days after their 
return to water, in comparison with: those that were 
colchicinized only. The bulbs irradiated only showed 
the characteristic irregularity of the root-tip growth. 
Twenty days later there appeared to be little change in 
the length of the colchicinized-irradiated roots. There 
was evidence of some flaccid, water-soaked roots while 
no new roots appeared. The bulbs colchicinized only 
showed an extensive growth from the hypertrophied 
root tips. The bulbs irradiated only showed some in- 
crease in root length and some new roots appeared. 

It is obvious that the effects of colchicine and irra- 
diation are greater when these are combined than 
when used singly. The irradiated plants were affected, 
but not so much as those that received the longer 
colchicine treatments. It appears that the optimum 
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effect is attained when irradiations are combined with 
a colchicine exposure of more than 36 hours. The 
combination of 900 r with 0.01 per cent colchicine tor 
72 hours, or 1,500 r and 48 hours’ exposure to colchi- 
cine, are most effective in arresting root growth with- 
out destroying the root. 

[It appears that the longer colchicine exposures in- 
duced some unrecognizable toxic change that makes 
the cells more susceptible to the irradiation. The fact 
that the greatest x-ray effect is induced after 48 hours 
of colchicine treatment indicates that the action of the 
x-rays is independent of the nuclear division phase. 


SUMMARY AND CONCLUSIONS 


This report deals with the combined.-effect of a 0.0] 
per cent aqueous solution of colchicine and x-irradh- 
ation on the root tips of Allium cepa, var. Yellow 
Globe cepa var. Brigham Yellow Globe. 
Fifteen series of experiments were made, each using 
from 6 to 40 bulbs. The gross effect of colchicine was 
studied and checked with microscopic examinations 
after periods of exposure varying from 6 to 200 hours. 

The root tips were studied in the gross and micro- 
scopically especially after 18, 24, 36, 48, 72, and 120 
hours of exposure to colchicine, followed by exposures 
to 1 of 3 doses of x-rays; 900 r, 1,500 r, and 3,000 r. 
The combined effects were observed shortly after irra- 
diation and at various periods after the return of the 
bulbs to water. Bulbs treated, colchicinized, or x-rayed 


and A. 


only, were used as controls. 

The effect of colchicine for more than 48 hours, 
coupled with 900 r, prevented growth of the root up; 
48 hours’ exposure to colchicine with 1,500 r induced 
similar results. With the shorter exposures to colchi- 
cine (18, 24, 36 hours) and 1,500 r, the hypertrophied 
tips produced only a limited growth, which became 
arrested 5 to 7 days atter their return to water. Ex- 
posures of 48 hours combined with 3,000 r prevented 
further growth. 

Irradiation with 900 r, 1,500 r, and 3,000 r impaired 
growth; the time for recovery was proportionately less 
than that required for the combined effects of colchi- 
cine and x-rays. 

The leaves of bulbs colchicinized and irradiated with 
1,500 r or 3,000 r were retarded in subsequent growth 
as compared with those x-rayed only. Bulbs colchi- 
cinized only showed leaf growth approximately equal 
to the untreated plants. The combinations of an ex- 
posure of 900 r after a treatment with colchicine tor 
less than 72 hours, or 1,500 r and 48 hours of colchi- 
cine, are most effective in arresting growth of funda- 
mental plant tissues such as the root tip of the onion. 

It is suggested that more intensive studies be made 
with this drug, combined with x-rays, on tumors of 
lower animals and the human subject. The fact that 


ee 


some animal tumors and simple but normal plant struc. 
tures show delayed growth after such treatment makes 


it necessary to obtain a concentration ot colchicine. 


coupled with a selective dose of x-rays, that will tend 


to inhibit or destroy cancerous tissue without injuring 
the host. 
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Uber den Versuch, mit £-Anthrachinolin Nieren- 
tumoren zu erzeugen. [Attempt to Induce Renal 
Tumors by ,-Anthraquinoline.|] Janyx, D. | Decutsche 
Karls-Univ., Prague, Czechoslovakia| Ztschr. f. Krebsforsch, 
54:67-70. 1943: Chem. Zentralbl., I1:1637. 1943. 

No carcinogenic action on the rat kidney was exerted 
by (-anthraquinoline injected subcutaneously in poppy- 
seed oil, when the author attempted to repeat and extend 
the experiments of Sempronj and Morelli (4m. J. Cancer, 
35:534. 1939). The positive results of the latter investiga- 
tions may have been due to the hereditary disposition of 
the animals employed.—M. H. P. 


Uber die Beeinflussbarkeit der Krebsbildung nach 
Benzpyrenepinselung. [Effect of Various Factors 
on Tumor Formation after Benzpyrene Painting. | 
Rosicky, J., and Harscnrek, R. [Interpharma A.-G., Prague, 
Czechoslovakia] Ztschr. f. Krebsforsch., 54:26-38. 1943; Chem. 
Zentralbl., I1:1718. 1943. 

When mice (not genetically uniform) were painted 
twice a week in the interscapular region with 2 drops of 
0.4 or 0.8% benzpyrene in benzene, tumor formation was 
greatly accelerated and the number of tumors increased by 
incorporation of o-aminoazotoluene or chlorophyll in the 
The chlorophyll effect) was char- 
acterized by significant morphological deviations of the 
neoplasms from those produced by benzpyrene alone. 
When vitamin A was applied locally at the same time 


benzpyrene solution. 


as benzpyrene, tumor formation was appreciably inhibited. 
Painting with benzpyrene in lanolin was not carcinogenic 
within the usual experimental period, even with intensive 
dosage; lanolin apparently exerts active or passive pro- 
tective power, the nature of which should be investigated. 
Ultraviolet irradiation, ionone, and 
affect carcinogenesis.—M. H. P. 


interazine did not 


A Sensitising Factor in Experimental Blasto- 
genesis. Morrram, J.C. | Mt. Vernon Hosp. and The Radium 
Inst., London, England] J. Path. & Bact., 56:391-402. 1944. 

The author describes the action of noncarcinogenic 
agents (croton oil, croton resin, cantharidin) applied to 
the skin of the mouse either before (setisitizing action, A) 
or after (developing action, B) one or more applications 
of 3,4-benzpyrene. Experiments of the following type are 
described. Croton oil (1% in acetone) is applied to the 
right flank 5 times in 10 days. Then 3,4-benzpyrene (0.02 
cc. of 0.3% in acetone, 7.c., 0.06 mgm. hydrocarbon) is 
applied once to both flanks, followed by the croton oil 
solution, also to both flanks, thrice weekly for 20 weeks. 
This procedure applied to 12 mice gave, in 20 weeks, 22 
benign and 3 malignant tumors on the right, and 6 benign 
tumors on the left, flank. When the same benzpyrene 
solution was applied twice weekly to another series of 





mice for 20 weeks (2.c., 2.4 mgm. hydrocarbon), without 
croton oil, the same number of tumors was obtained, but 
the tumors appeared 5 or 6 weeks later than those pro- 
duced by a single application. 

Other experiments in which a single application of 
3,4-benzpyrene was combined with the action of croton 
oil or croton resin showed that A alone gave no tumors. 
but A+-B gave more tumors than did B alone. Applica. 
tion of cantharidin (0.3% in acetone) on 2 days followed 
by benzpyrene on 3 days and croton oil during 20 weeks 
gave no tumors within the area of application of canthari- 
din although tumors appeared outside this area. But if 
the preliminary treatment with cantharidin were prolonged 
(7 applications in 14 days), a cocarcinogenic action ap. 
peared, the tumors on the flank receiving cantharidin being 
more numerous than those on the opposite flank. 

Counts of mitoses in the epidermis showed (a) that 
croton oil or resin produced a fourfold to ninefold in- 
crease; (b) that cantharidin caused a complete’ cessation 
of mitosis during the first week, followed by a stimulating 
action as great as that of croton oil or resin. These effects 
upon mitosis are held to bring about the observed effects 
upon carcinogenesis.—E. L. K. 


Loss of Carcinogenic Activity when Methylchol- 
anthrene is Dissolved in Anhydrous Lanolin. Simp- 
sox, W. L., CarruTuers, C., and Cramer, W. | Barnard Free 
Skin and Cancer Hosp., and Washington Univ. Sch. of Med., St. 
Louis, Mo. | Cancer Research, 5:1-4. 1945. 

Experiments on 312 mice have shown that methylchol- 
anthrene when dissolved in anhydrous lanolin, a vehicle 
closely resembling sebum, and applied to the skin of mice 
loses its carcinogenic effect. After 42 applications, given 
3 times weekly for 14 weeks, it fails to induce skin cancer. 
It does not even induce those early changes that represent 
the initiation of the carcinogenic process, such as epilation, 
destruction of the sebaceous glands, epidermal hyperplasia, 
and a diminution in the calcium and iron content of the 
epidermis, which follow the single application of a benzene 
or acetone solution of the carcinogen. Fluorescence-micro- 
scopic and spectrographic studies show that this loss of 
carcinogenic activity cannot be attributed to a lack of 
absorption or to a rapid destruction of the methylchol- 
anthrene by the skin. After 42 applications of the lanolin 
solution of the carcinogen to the skin, the morphological 
and chemical criteria that were studied revealed no differ. 
ences from normal skin. There is, however, a striking 
biological change produced in the skin, in that it has 
become sensitized to the action of a benzene solution of 
methylcholanthrene. This effect will be described in a 
following paper——Authors’ abstract. 


Microfilm copies of such papers here abstracted as are available may be obtained from Medicofilm Service of the Army Medical 
Library at 25¢ for each complete article, not exceeding 25 pages in length—and 10¢ for each additional 10 pages or fraction thereof. 
Prepayment is not requested. Remittance may be made with subsequent orders and in such manner as found most convenient. 
Address—Medicofilm Service, Army Medical Library, Washington, D. C. 
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Sensitization of Skin by Carcinogenically Inac- 
tive Methylcholanthrene to Subsequent Carcino- 
genesis. Simpson, W. L., and Cramer, W. [Barnard Free 
Skin and Cancer Hosp., and Washington Univ. Sch. of Med., 
St. Louis, Mo.] Cancer Research, §:5-10. 1945. 

The authors have previously shown that a solution of 
methylcholanthrene in anhydrous lanolin is carcinogeni- 
cally inactive to mouse skin and fails even after pro- 
longed and repeated applications to produce the specific 
early structural and chemical changes that initiate the 
carcinogenic process. All these changes are regularly pro- 
duced by the same carcinogen when it is applied in a lipid 
solvent such as benzene. The carcinogen can therefore 
exist IN an active or inactive state depending on the 
medium in which it is dissolved. 

Two experimental series of mice that had received 42 
applications thrice weekly of the inactive solution of methyl- 
cholanthrene in lanolin and untreated controls of the 
same age were painted with a benzene solution of methyl- 
cholanthrene in an effort to determine whether the pro- 
longed exposure to the inactive carcinogen had conferred 
any resistance to the carcinogen in lipid solvents. Quite 
the opposite had occurred, for the mice that had been 
pre-treated proved much more sensitive to the benzene 
solution of methylcholanthrene than the controls. This 
enhanced sensitivity manifested itself in a great increase in 
the incidence of skin cancer and a great shortening of its 
period of induction. 

The significance of these findings in relation to a con- 
cept of a mode of carcinogenic action of methylcholan- 
threne is discussed.—Authors’ abstract. 


Carcinogenesis Induced by Methylcholanthrene in 
Pigeons, Guinea Fowls, and Ducks. Dwuran-Reynats, 
F., SuricLey, E. W., and pe Hosros, E. [Yale Univ. Sch. of 
Med., New Haven, Conn.] Cancer Research, 5:11-17. 1945. 

It appears from the experiments that pigeons, guinea 
fowls, and possibly ducks may be added to the list of 
animals responding to the injection of methylcholan- 
threne with malignant tumors. The incidence in 21 
pigeons was 47% and in 12 guinea fowls 66%, whereas 
only one tumor developed in 52 ducks and none in 10 
turkeys injected. 

The results show that there is no species relation- 
ship between the susceptibility of birds to the virus of 
the Rous sarcoma and to methylcholanthrene. 

Transplantation of 1 guinea fowl and 2 pigeon tumors 
through from 2 to 9 generations of birds of their respective 
species was accomplished, but attempts to transmit the 
pigeon tumors by means of Berkefeld N filtrates ended 
in failure. 

All the tumors induced were ordinary spindle cell sar- 
comas that frequently gave rise to metastases in the liver 
and, in the case of 2 pigeon tumors, in the bones of the 
lower extremities. 

Benzol solutions of methylcholanthrene proved to be 
far more effective than lard solutions.—Authors’ summary. 


The Effect of 1:2:5:6-Dibenzanthracene on the 
Lymph-Nodes of the Rat. Lasnirzx1, A., and Woopnous.r, 
D. L, [Univ. of Birmingham Med. Sch., Birmingham, and 
Univ. of Manchester Cancer Research Dept., Manchester, Eng- 


land] J. Anat., 78:121-129. 1944. 


Rats received subcutaneous injections of colloidal 1,2,5,6- 
dibenzanthracene (d.b.a.) (27.8 mgm. in 100 cc., z.e., 0.001 
mole per liter in isotonic glucose and gelatine solution) 
5 times weekly for 20 to 22 injections, while controls 
received the suspending solution only. In the normal rat, 
hemolymph nodes occur only in the renal region. In rats 
given d.b.a., lymph nodes all over the body (those of 10 
regions were examined) tended to take on the hemolymph 
structure. These nodes showed (1) widening of the lymph 
channels and diminution of lymphoid tissue, (2) red cor- 
puscles in the lymph spaces, sometimes in large numbers; 
and (3) increase in macrophages containing red corpuscles 
and pigment. Many of the macrophages, and the reticulum 
cells, gave a reaction for iron. The nodes of the controls 
did not differ from the normal condition. Anthracene 
produced in a few nodes in some animals some degree of 
these changes, but the experiments are being repeated with 
anthracene specially purified. The growth rate of rats 
receiving d.b.a. was slowed; anthracene had not this 
effect. The possibility is considered that the red blood 
corpuscles in the nodes of the d.b.a. treated rats have 
passed through the walls of blood capillaries and passed 
with the lymph stream to the nodes. An abstract of a 
preliminary statement of these results was given in Cancer 
Research, 3:337. 1943.—E. L.K. 


A Case of Transfer of a Benzpyrene Tumor. 
Ronpont, P. [| Victor Emmanuel III Nat. Cancer Inst., Milan, 
Italy| Tumori, [2] 17:143-148. 1943: Chem. Zentralbl., II: 
1099, 1943. 

In a rat that had been inoculated with aqueous, abso- 
lutely cell-free extracts of rat benzpyrene-tumors, a fibro- 
sarcoma developed at the injection site after a few months. 
It is possible that the extracts might have contained 
traces of the hydrocarbon.—M. H. P. 


Accelerated Carcinogenic Action of Irradiated 
Benzpyrene. Vernoni, G., and Pironr-Naconetscunt, A. 
[Rome Univ., Rome, Italy] Tumori, [2] 17:51-62. 1943: 
Chem. Zentralbl., I1:1099. 1943. 

Benzpyrene irradiated with x-rays or y-rays produces 
tumors in rats more rapidly, but not in greater number, 
than does nonirradiated benzpyrene.—M. H. P. 


Die Weltraumstrahlung und ihre biologische 
Wirkung. [Cosmic Rays and Their Biological Ac- 
tivity.] Garpe [Berlin, Germany] Deutsche med. Wcehnschr., 
67:1044-1045. 1941: Chem. Zentralbl., 11:233. 1943. 

The author describes the nature of cosmic rays and 
reports briefly on the results of experiments of Eugster 
and Hess on tumor mice that had been exposed to 
intensified radiation. These animals developed carcinoma 
much more frequently than did controls in radiation-free 
atmosphere.—M. H. P. 





Studies on Synergism of Leukemogenic Agents in 
Mice. Kaptan, H. S., and Kirscnsaum, A. [Univ. of Minne- 
sota Med. Sch., Minneapolis, Minn.| Proc. Soc. Exper. Biol. & 
Med., 55:262-264. 1944. 

Strain dba (subline 12) and strain F mice were used in 
3 experimental groups. Mice of Group I received irradia- 
tion alone; those of Group II had 0.5% methylcholan- 
threne applied percutaneously twice a week; those of 
Group III received both kinds of treatment. The irradiated 
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animals received a daily dose of 80 r, 140 kv., 30 cm. skin 
target distance, 2 mm. Al filter, including the entire body 
in the field. Nine successive daily treatments were given 
to the strain F mice for a total of 720 r, while the dba 
animals received a total dose of 880 r. 

There was no evidence that irradiation, under these 
experimental conditions, when used in conjunction with 
methylcholanthrene, increased the incidence or accelerated 
the onset of carcinogen-induced leukemia in strain dba 
and strain F mice.—M. B. 


Influence of Environmental Temperature upon 
the Incidence and Course of Spontaneous Tumors 
in Spayed C3H Mice. Warracr, E. W., Warrace, H., 
and Mitzis, C. A. [Univ. of Cincinnati, Cincinnati, Ohio| 
Cancer Research, §:47-48. 1945. 

Spayed C3H mice of the Andervont subline strain were 
divided into three groups at 2 months of age and kept 
at 68, 79, and 91° F., evenly divided litters being used. 
Mammary tumors deveioped earliest and in largest numbers 
in the 68° F. group, next best in the 79° F. group, and 
least at 91° F. Tumor incidence in all groups was con- 
siderably less than in unspayed mice of the same strain 
but showed the same stimulating effect of cold (or depres- 
sive effect of heat).—Authors’ abstract. 


The Metabolism of Azo Compounds. I. Azo- 
benzene. Exson, L. A., and Warren, F. L. [Chester Beatty 
Research Inst., Roy. Cancer Hosp. (Free), London, England | 
Biochem. J., 38:217-220. 1944. 

As a preliminary to an investigation of the metabolism 
of the carcinogenic azo compounds, a_ study of the 
changes undergone by azobenzene, which is the simplest 
azo compound and is not known to be carcinogenic, was 
undertaken. The compound was injected intraperitoneally 
in arachis oil in rats. The amino compounds in the urine 
were estimated colorimetrically by diazotization and coup- 
ling with N-sulfatoethyl--toluidine. Aniline and benzi- 
dine were isolated; the latter appears to be formed on 
acidification from a water-soluble derivative of hydrazo- 
benzene, formed possibly by conjugation with sulfuric or 
glucuronic acid. The ethereal sulfate, neutral sulfur, and 
glucuronic acid of the urine were increased. A_ similar 
study of p-dimethylaminoazobenzene indicates that this 
compound likewise undergoes a benzidine transforma- 
tion.—E. L. K. 


Untersuchungen mit dem Oxydase-Cytochrome 
c-Fermentsystem von Keilin und der Indophenol- 
blau Bestimmungsmethode von Sehrt iiber den 
Indophenol-Cytochromeoxydasegehalt roter Blut- 
k6rperchen, unter besondere Beriicksichtung der 
Verhaltnisse beim Krebskranken. [Investigation of 
the Indophenol-Cytochrome Oxidase Content of 
Erythrocytes with the Oxidase-Cytochrome c-En- 
zyme System of Keilin and Indophenol Blue De- 
termination Method of Sehrt, with Special Refer- 
ence to Findings in Cancer Patients.] Merren, R., 
and SonnraG, J. [Med. Klin., Cologne Univ., Cologne, Ger- 
many| Ztschr. f. Krebsforsch., §2:319-330. 1943; Chem. 
Zentralbl., 11:627. 1943. 

The two methods used were: (1) determination of 
oxygen consumption in the Warburg respirometer upon 
oxidation of p-phenylenediamine by an oxidase prepara- 


es 


tion from beef heart (method of Keilin and Hartree). 
and activation of this process by cytochrome c or hemo. 
lyzed blood corpuscles, and (2) determination of indo. 
phenol-blue formation by Sehrt’s method (Sehrt’s carci. 
noma reaction). Erythrocytes of healthy and sick persons 
showed differences in ability to activate oxidase. Those of 
cancer patients showed pronounced impairment of. the 
cytochrome oxidase system, apparently because of decrease 
in the amount of cytochrome ¢ present in such erythrocytes, 
Diagnostic evaluation is difficult, since the oxidase prepara. 
tions show different values with regard to activity and to 
actuvation by cytochrome c¢ or erythrocytes. The indophenol 
blue determination method is also not applicable to prac- 
tical diagnosis. While the autoxidation of p-phenylene- 
diamine remains almost the same in a given time, the 
solutions of dimethyl-p-phenylenediamine and 2-naphthol 
show great differences in their autoxidation and oxidiza- 
bility in individual series of experiments, and a norm has 
not been found. Within the same experimental series, 
indophenol blue formation is generally decreased by 
hydrolyzed erythrocytes of sick persons. Erythrocytes of 
cancer patients form less indophenol blue than those of 
healthy persons. Results of both methods show that action 
of oxidation enzyme systems may be injured in persons 
with or without cancer, and that the effects of oxidase and 
cytochrome ¢ or other factors in these systems are not 


separable.—M. H. P. 


The Effect of Salts on the Activity of Tumor Tri- 
phosphatase. Frankenruar, L. |Cancer Research Lab., He- 
brew Univ., Jerusalem, Palestine| Exper. Med. & Surg., 2: 
229-236. 1944. 

A triphosphatase (“preparation M”’) obtained from benz- 
pyrene rat sarcoma 616 by the preparation method for 
myosin (PLimMer—Organic and Bio-Chemistry, 6th ed., 
p. 415) catalyzed the hydrolysis of neutralized sodium 
triphosphate but not that of nonneutralized (alkaline) 
sodium triphosphate. Activity was optimal at pH 5.5 to 6 
in the absence of magnesium or manganese, 4.8 in the 
presence of Mg (and probably also Mn). Both Mg and 
Mn accelerated the enzymatic hydrolysis more markedly 
at pH 4.8 than at pH 8.4, and hardly affected it at pH 6. 
At pH 5.5 to 6, potassium fluoride slightly inhibited the 
hydrolysis.—M. H. P. 


Biocatalysts in Cancer Tissue. V. Adenosinetri- 
phosphatase. Porrrer, V. R., and Litsi, G. J. [Univ. of 
Wisconsin Med. Sch., Madison, Wis.| Cancer Research, §:18-29. 
1945. 

Seven types of experimental tumors were assayed for 
their adenosinetriphosphatase (ATP-ase) content. They 
were found to contain about the same amount as adult 
specialized tissues, in contrast to the findings for various 
respiratory enzymes. It is pointed out that the assay mea- 
sures potential ATP-ase rather than the effective ATP-ase 
concentration of the tissues. The factors that determine the 
effective ATP-ase concentration in normal and tumor 
tissue are discussed, and it is suggested that the activity 
coefficient in neoplasms is likely to be at least as great as 1 
normal tissue. The data are discussed in relation to the 
theory of cancer that relates growth to the balance between 
ATP and its breakdown products.—Authors’ abstract. 
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Enzyme Changes During Growth and Differentia- 
tion in the Tissues of the Newborn Rat. Porrer, V. R., 
ScHnEipER, W. C., and Lirsi, G. J. [Univ. of Wisconsin Med. 
Sch., Madison, Wis.| Cancer Research, §:21-24. 1945. 

Brain and liver from late embryonic and newborn rats 
up to the 30th day of postnatal life were compared with 
adult tissues with respect to their content of succinic dehy- 
drogenase, cytochrome oxidase, and adenosinetriphospha- 
tase (ATP-ase). In brain the enzymes studied remained 
constant from about 3 days before birth until about 
6 days after birth, and then increased rapidly so that the 
adult level was reached by the 30th day of life. The wet 
weight of the brains increased steadily thoughout this 
period. In liver the enzymes studied increased rapidly 
during late embryonic and early postnatal life, and the 
adult level was approximated within 10 to 15 days. Up to 
this time there was very little increase in the wet weight 
of the liver, but at this point its weight began to increase 
rapidly. The results show that profound changes occur in 
the enzymatic make-up of the newborn rat during a 
relatively short time after birth. The enzymes studied 
increased by about 300 to 600% during this period. The 
enzymes studied represented both the energy-yielding type 
(respiratory enzymes) and the energy-depleting type 
(ATP-ase). The studies show that during the period of 
increasing functional load and increased differentiation 
both types of enzyme increased, that is to say, the potential 
rate of energy mobilization was increased. The results 
were discussed in relation to the theory of cancer put 
forth by Potter, according to which growth is considered 
to be governed by the effective balance between the classes 
of enzymes mentioned above.—Authors’ abstract. 


/ Nucleic Acids and Tissue Growth. Davipson, J. N., 
and WaymoutH, C. |Univ. of Aberdeen, Scotland| Nutrition 
Abstr. & Rev., 14:1-18. 1944. 

A valuable review of the literature (about 250 references) 
with a section on tumors.—E. L. K. 


Protective Colloids in Cancer. Munro, L. A. [{Hen- 
dry-Connell Research Foundation, Kingston, Canada] /. Phys. 
Chem., 48:187-195. 1944. 

The protective colloids of 78 cancer sera were compared 
with those of normal sera from 70 persons. After 0.075 ml. 
of serum, and then the coagulating electrolyte, are added 
to 5 ml. of Congo red, and the mixture is incubated at 
30” C. for 30 minutes, the residual color is determined 
in a photoelectric colorimeter. Average values of 9.26 
and 40.52y per ml. respectively were obtained; 89.6% of 
the cancer patients and 4.3% of normal subjects gave 
values below 15y per ml. The albumin/globulin ratio 
showed only rough agreement with the protective colloid 
index. It is suggested that other factors, such as molecular 
dispersion and even molecular species, are more important 
in determining this index. The protective colloid test may 
be useful in diagnosis of cancer or in following clinical 
Progress in patients with this disease, in absence of other 
diseases that affect the protective colloid index, 2.¢., 
cardiac edema, pernicious anemia, chronic nephritis, gas- 
(roenteritis, pertussis, malaria, active tuberculosis, and 
active asthma.—R. N. J. 


Sulfur Distribution in Extracts of Normal and 
Neoplastic Tissues. Grerensrtix, J. P., and Leuruarpr, 
F. M. |Nat. Cancer Inst., Bethesda, Md.| /. Nat. Cancer Inst., 
5:111-114. 1944. 

The cystine and cysteine distribution as well as the com- 
plete sulfur distribution of the extractable proteins of the 
neoplastic tissues of rats and rabbits were studied and com- 
pared with the corresponding relationships in the normal 
tissues of these species. Earlier work by Greenstein and 
his associates (J. Nat. Cancer Inst., 1:91-104. 1940; 2:305- 
306. 1941) had indicated that extractable tissue proteins 
possess a species-specific cystine/cysteine ratio. The experi- 
mental methods employed are described in a forthcoming 
paper in the Journal of Biological Chemistry. 

It was found that the cystine and cysteine content of 
adult liver is higher, and the methionine content is lower, 
than that of fetal liver. At about equivalent periods of 
gestation, the total sulfur, cystine-cysteine sulfur, and 
methionine sulfur of fetal rabbit liver amount to only 
about 50% of that of fetal rat liver. The sulfur distribu- 
tions of normal adult and of regenerating rat liver are 
nearly the same, as are also those of fetal rat liver and of 
transplanted rat hepatoma.—kK. G. S. 


Einfluss der kohlenhydratarmen Ernahrung auf 
das Impfcarcinom der Maus. [Effect of Low Carbo- 
hydrate Diet on Transplanted Carcinoma of Mice.| 
Kocn, F. E. [{Dr. Madaus u. Co., Biol. Inst., Radebeul/Dresden, 
Germany| Ztschr. f. Krebsforsch., 53:331-346. 1943; Chem. 
Zentralbl., 11:628. 1943. 

Mice on low carbohydrate diet from the time of inocula- 
tion of Ehrlich mouse carcinoma showed a lower number 
of takes of the carcinoma than did controls (on normal 
diets). Growth of the successful implants showed a small 
but statistically significant inhibition in the mice on the 
low carbohydrate diets, and the life of these animals was 
prolonged. Administration of insulin with the low carbo- 
hydrate diet did not alter the effects on the tumors. When 
mice with tumors were given the low carbohydrate diet, 
some of the tumors regressed, but the possibility that such 
regression Was spontaneous was not completely excluded.— 


M.H. P. 


Dietary Fat with Reference to the Spontaneous 
Appearance and Induction of Leukemia in Mice. 
Lawrason, F. D., and Kirscupaum, A. [Univ. of Minnesota 
Med. Sch., Minneapolis, Minn.| Proc. Soc. Exper. Biol. & Med., 
56:6-7. 1944. 

Shortly after weaning, mice from strain F, which has a 
high incidence of spontaneous leukemia, were placed on 
diets relatively high (32%) and low (3%) in fat. Litters 
were divided, and half received one diet and half the other. 
At the end of 300 days the data indicated a slightly earlier 
appearance of leukemia in the group fed the high fat diet, 
although the total incidence of leukemia was about the 
same in the 2 groups. It is unlikely that the earlier ap- 
pearance of the disease can be attributed to the dietary fat 
content, since differences in caloric intake and rate of 
growth in the 2 groups could account for the results. 

Methylcholanthrene (0.5% in benzene) was applied 
percutaneously twice weekly to 2 groups of strain dba mice 
(subline 12) fed the high fat and low fat diets, respectively. 
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This strain is susceptible to the induction of leukemia with 
methylcholanthrene. The results indicated that there was 
a significant delay in onset of carcinogen-induced leukemia 
in the mice on the high fat diet, although the incidence 
of leukemia was the same for both dietary groups. It 1s 
possible that the oil on the fur of the animals given the 
high fat diet retarded absorption of the carcinogen and 
thus prolonged the induction period.—M. B. 


Further Observations on the Influence of Simple 
Caloric Restriction on Mammary Cancer Incidence 
and Related Phenomena in C3H Mice. Husrsy, R. A., 
Batt, Z. B., and Visscner, M. B. [ Univ. of Minnesota, Minne- 
apolis, Minn.| Cancer Research, 3:40-46. 1945. 

The final incidence of mammary carcinoma in virgin 
(3H mice maintained from weaning on a diet supplying 
the same amounts of protein, vitamins, and salts as an 
ad libitum fed control group received, but restricting the 
caloric intake by one-third, was 0% as compared to 72% 
for the control animals. The histological picture of the 
ovaries, uteri, and mammae of the restricted animals that 
were living at 17 to 18 months of age was that of pseudo- 
hypophysectomy due to inanition. It was suggested that 
the mechanism by which caloric restriction per se reduces 
the incidence of mammary carcinoma is pituitary insufh- 
ciency producing: (a) a lowered level of ovarian secre- 
tion; (b) a relative refractoriness of the mammary gland 
to estrogenic substances——Authors’ abstract. 


Hat der Thymus Einfluss auf das Wachstum 
bésartiger Geschwiilste? [Does the Thymus Affect 
the Growth of Malignant Tumors?] Rircknor, W. 
{Frauenklin., Berlin Univ., Berlin, Germany| Zentralbl. f. 
Gyndk., 67:745-749. 1943; Chem. Zentralbl., 11:628. 1943. 

The average tumor weight was less in 20 white rats 
that had been injected with 2 cc. thymus-Henning (equiva- 
lent to 10 gm. fresh thymus gland) daily for 18 days, 
starting when transplanted Flexner carcinomas were first 
palpable, than in 31 control rats not so treated. On the 
18th day after the first injection, the difference in average 
tumor weight between the two groups was 40%. How- 
ever, some of the treated animals showed larger tumors 
than did several controls.——M. H. P. 


Zur Frage der antigonadotropen Wirkung von 
Carcinomseren. [The Question of the Antigonado- 
tropic Action of Cancer Sera.] von Denn, M. [Berlin 
Univ., Berlin, Germany] Z¢tschr. f. Krebsforsch., 54:39-50. 
1943: Chem. Zentralbl., 11:1718-1719. 1943. 

Antigonadotropic factor occurs more frequently in the 
serum of cancer patients than in that of noncancerous 
persons, but cannot be considered as specific diagnostic 
evidence of cancer. The incidence of antigonadotropic 
factor (manifested in the corpus luteum test and in the 
ovarian weight increase test) was 79% in 61 sera from 
cancer patients, 65% in 64 sera from noncancerous patients. 
Some of the sera of the latter group increased, rather than 
antagonized, the gonadotropic reaction.—M. H. P. 


Zur Frage der Inaktivierung des Melanophoren- 
hormons durch Ca-Seren. [Inactivation of Melano- 
phore Hormone by Carcinoma Serum.] von Deny, 
M. [Berlin Univ., Berlin, Germany] Z¢tschr. f. Krebsforsch., 54: 
51-54. 1943; Chem. Zentralbl., 11:1637. 1943. 

Melanophore hormone inactivating substance occurred 


ee 


in 22% of sera from carcinomatous subjects, in 12% of 
other sera. The 22% incidence in carcinoma serum is too 
small to permit application of the inactivation reaction to 
the diagnosis of carcinoma. The results differ from those 
of Rodewald, who found the melanophore hormone jnac. 
tivator in almost all carcinoma sera tested, and in only 
occasional samples of other sera. The technic employed 
by von Dehn was the same as that described by Rode. 
wald.—M. H. P. | 


Ovarian Tumors in Adult Rats Following Pre- 
puberal Administration of Estrogens. Harz, H. Bp. 
and We:cuert, C. K. [Univ. of Cincinnati, Cincinnati, Ohio| 
Proc. Soc. Exper. Biol. & Med., 55:201-202. 1944. | 

Five groups of rats (154 animals) were treated with 
estrogen for various periods between birth and the 28th 
day of life. Rats of Group I were suckled by mothers 
injected with 0.1 mgm. stilbestrol daily, and those of 
Group II by mothers receiving 0.5 mgm. estrone daily. 
Rats of Group III received direct injections of 0.01 mgm. 
stulbestrol. Group IV animals were affected by stilbestrol 
injections into litter mates given 0.01 mgm. daily. Group V 
animals were exposed to small amounts of stilbestrol placed 
on nesting material. Abnormalities appeared in the smear 
histories in all groups. In mice more than 120 days of age. 
gross changes appeared in ovaries, uteri, and fallopian 
tubes. The most marked change was the formation of 
roughly spherical or multilobular cysts in one or both 
ovaries. Pyo-ovarium, pyometra, pyosalpinx, and _ uterine 
metaplasia were also found.—M. B. 


Hormonal Influences on Chemically-Induced Tu- 
mors of the Reproductive System. Casre.vano, S. A., 
and D’Amouwr, F. E. [Univ. of Denver, Denver, Colo.] Proc. 
Soc. Exper. Biol. & Med., 55:281-283. 1944. 

White rats, 3 months old, from the University of Denver 
strain were used. In this strain the spontaneous tumor 
incidence is practically zero. 

Small methylcholanthrene pellets, 20% suspension in 
parafhn, were introduced into various reproductive organs, 
1.¢c., uterus, ovaries, testes, seminal vesicles, and _ prostate. 
The total dose per animal was 10 mgm. Each animal also 
received injections of progestin, stilbestrol, gonadotropin 
from pregnancy urine or serum, or testosterone, 3 times 
weekly. 

The gonads themselves were highly resistant to the 
carcinogenic action of methylcholanthrene. Administration 
of stilbestrol increased the incidence of uterine tumors. 
Progestin inhibited the stilbestrol effect. The action of 
testosterone upon tumors of the male adnexa was contra- 
dictory: although, after methylcholanthrene application. 
castrated rats (having neither endogenous nor exogenous 
testosterone) showed 100% tumor incidence, and non- 
castrated rats (having an endogenous testosterone supply 
only) showed 30% tumor incidence, the provision of addi- 
tional testosterone to noncastrated rats by exogenous ad- 
ministration, instead of lowering the tumor incidence, 


raised it to 50%.—M. B. 


Estimation of Urinary 17-Ketosteroids in the 
Diagnosis of Adrenal Cortical Tumors. Warkey, 
F. L. [Roy. Cancer Hosp. (Free), London, England] Cancer 
Research, 5:49-54. 1945. 
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The excretion of 17-ketosteroids was determined in 
the urines of 19 male and 73 female patients. In 4 cases 
of adrenal cortical tumor in adult females extremely high 
excretions were found; in 2 of these cases dehydrozsoandro- 
sterone was isolated. Two cases of prepubertal virilism 
in girls also showed very high excretions, but isolation 
procedures showed the excess of androgen to be due to 
androsterone. A pregnant woman with virilism excreted 
large quantities of 17-ketosteroid; the child resulting from 
this pregnancy also showed an excessive excretion, but no 
explanation of these observations can yet be offered. 
About 10 times the normal excretion of 17-ketosteroids was 
observed in a patient suffering from carcinoma of the 
splenic flexure of the colon.—Author’s summary. 


Properties of the Mouse Mammary-Tumor Agent. 
AnpERVONT, H. B., and Bryan, W. R. [Nat. Cancer Inst., 
Bethesda, Md.] J. Nat. Cancer Inst., §:143-149. 1944. 

Some physicochemical and biological properties of the 
well known mammary tumor agent (Bittner’s milk influ- 
ence) were studied with a view to securing further infor- 
mation about its nature. Strain C3H mice were used as 
the source material, and 7 to 14 day old strain C or 
|x C3H hybrid female mice were employed as test animals. 

When mouse milk containing the tumor-producing agent 
was held at 61 or 66° C. for 30 minutes the agent was 
inactivated. The same holds for mammary tumor ex- 
tracts kept at 56 or 66° C. for the same period of time. 
On the other hand, the agent contained in mouse milk 
was stable over a period of 2 weeks when the milk was 
stored at 8° C. Whole tumors, after storage for 80 days 
in a 50% saline-glycerine solution at 8° C., failed to 
exhibit tumor-producing activity. The active principle 
was filterable through Berkefeld N candles. When a tumor 
extract was administered to litter mates, many tumors 
were induced in the animals receiving the extract intra- 
peritoneally, although only few tumors resulted from 
oral administration. Mice of unknown ancestry developed 
mammary tumors after being nursed by C3H_ foster 
mothers. This was also true for mice not derived from 
inbred strains. Crude or partially purified and concen- 
trated mouse tumor extracts produced neutralizing anti- 
bodies when injected intraperitoneally into rabbits. The 
antibodies thus produced neutralized the agent both iz 
vitro and in vivo. Resemblances to certain properties of 
viruses are pointed out.—K.G. S. 


Immunological Factors that Influence the Neo- 
plastic Effects of the Rabbit Fibroma Virus. Dvran- 
Reynars, F. [Yale Univ. Sch. of Med., New Haven, Conn.] 
Cancer Research, 5:25-39. 1945. 

From the present and a previous investigation on the 
same subject it appears that following the injection of 
adult domestic rabbits with the virus of the rabbit fibroma 
No virus is ever found in the blood, generalized spread of 
the virus in the viscera occurs only during the first 8 days 
after infection, immunity to reinfection is already notice- 
able after 24 hours, and the antibody response is prompt 
and vigorous. 
| Following similar injections into newborn rabbits, virus 
Is detected in the blood for at least 13 days and in the 
viscera for at least 2] days after injection, immunity to 


reinfection is not yet well established 12 days after infec- 
tion, and the antibody response is slow and poor. 

When large amounts of virus are injected into newborn 
rabbits an acute, lethal disease with traits largely destruc- 
tive and inflammatory, but also with typical proliferative 
features, results. This disease shows many analogies with 
the disease induced in the adult domestic rabbit by another 
but highly pathogenic virus, that of rabbit myxomatosis, 
the agent of which is a variant of the fibroma virus. 

If small amounts of virus are injected into newborn rab- 
bits a progressively growing tumor results, which induces 
satellite nodules, sometimes generalized fibromas, and often 
kills the host. In other cases the tumors regress after 
having attained a large size. The generalized fibromas 
are very similar to the generalized lesions obtained by 
other investigators in rabbits prepared by carcinogens 
and injected intravenously with fibroma virus.—Author’s 
summary. 


The Reaction of Mice with Spontaneous Tumors 
to Diphenyl Sulfoxide. Hammerr, F. S. [Lankenau 
Hosp. Research Inst., Philadelphia, Pa.| Growth, 6:399-404. 
1942. 

When a solution containing 100 mgm. diphenyl sulfox- 
ide, 4 cc. 10% gum acacia in distilled water, and | cc. 
95% ethyl alcohol was given in dosage of 0.1 cc. subcu- 
taneously on 6 of every 7 days of the experimental period 
to inbred descendents of Bar Harbor “D” strain mice 
bearing spontaneous tumors, the duration of tumor growth, 
the maximum tumor volume attained, and the gain in 
tumor volume were generally less than in controls not 
given the diphenyl sulfoxide solution. However, while 
the tumors were growing their daily increase was the 
same in both treated and control animals, and the treated 
mice died earlier than the controls, apparently because of 
the toxic action of the diphenyl sulfoxide. When 0.25 cc. 
of the solution was given at one time, the mice became 
paralyzed one-half hour afterward. The 0.1 cc. injections 
were followed in 2 instances by fatal respiratory paralysis. 
The acacia-ethyl alcohol solvent without dipheny! sulfoxide, 
given to the controls, caused no paralysis in 0.25 or 0.1 cc. 


dosage.—M. H. P. 


Uber die Wirkung von Schlangengiften auf die 
Entstehung der experimentellen Benzpyrenesarkome 
der Maus. [Action of Snake Venom on the Forma- 
tion of Experimental Benzpyrene Sarcoma in Mice. ] 
RosENBOHM, A. [Krebsinst., Univ.-Krankenhaus, Eppendort- 
Hamburg, Germany] Ztschr. f. Krebsforsch., §3:307-311. 1943; 
Chem. Zentralbl., 11:628. 1943. 

The incidence and development of benzpyrene sarcoma 
in 62 mice given intravenous injections of Vipera ammo- 
dytes and Naja tripudians venoms were the same as those 
in 78 control mice not given the venoms. In previous 
experiments the author was unable to influence spontaneous 
mammary carcinoma of mice by intravenous injections of 
Naja venom antiserum.—M. H. P. 


Versuche, das Wachstum des Ascitescarcinoms 
der Maus durch Porphyrine zu beeinflussen. [At- 
tempts to Affect Mouse Ascites Carcinoma by 
Porphyrins.] Scumint, H. W. [Path. Inst., Berlin Univ., 
Berlin, Germany] Ztschr. f. Krebsforsch., 53:312-318. 1943: 
Chem. Zentralbl., 11:628. 1943. 
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Neither protoporphyrin nor hematoporphyrin exerted a 
therapeutic effect on ascites carcinoma of the mouse, when 
these compounds were given intraperitoneally or subcu- 
taneously in single doses of 0.25 to 0.5 mgm., starting at 
implantation of the tumors and repeated every 2 days. 
The results were not improved by simultaneous ultraviolet 
irradiation.—M. H. P. 


Some Recent Trends in Experimental Cancer Re- 
search. Brarp, H. H. {Louisiana State Univ. Sch. of Med., 
New Orleans, La.| Exper. Med. & Surg., 2:129-146. 1944. 

A review, with 74 references, of the relations of proteins, 
amino acids, and enzymes to cancer, with special refer- 
ence to the author’s studies on amino acids and to Potter’s 
enzyme-virus theory of carcinogenesis (Cancer Research, 
3:358-361. 1943). Hitherto unpublished data are also 
presented that show the disappearance of 56% of trans- 
planted Emge sarcomas 1n rats that received -arginine-HCl, 
d-histidine-HC], /-lysine-HC], d/-leucine-HCl, d/-isoleucine, 
d/-phenylalanine, d/-methionine, d/-threonine, d/-trypto- 
phan, and d/-valine, parenterally, daily for 7 weeks start- 
ing on the day of transplantation. Results were as good 
with 18 mgm. of each of the amino acids alone as with 
1) mgm. of a mixture containing equal parts of all of 
them, daily.—M. H. P. 


Further Observations upon the Effect of Sub- 
cutaneous Injection of the Amino Acids and Crea- 
tine upon the Appearance, Growth, and Regression 
of the Emge Sarcoma in Rats. Brarp, H. H., and Givens, 
EK. |Louisiana State Univ. Sch. of Med., New Orleans, La. | 
Exper. Med. & Surg., 2:125-128. 1944. 

Subcutaneous injection of 3 cc. of a solution containing 
50 mgm. arginine-HCl, lysine-HCI (both neutralized), or 
creatine into the abdomen of rats every other day for 
10 weeks after transplantation of Emge sarcoma into both 
sides of the abdomen caused the disappearance of 50, 44. 
and 30% of the tumors, respectively; only 3.7% of the 
tumors disappeared in the controls. The average increase 
in tumor weight from the 3rd to the 10th week after trans- 
plantation was 8.3, 9, 11.7, and 22 gm. respectively for the 
rats receiving arginine, lysine, and creatine, and for the 
controls. When the injections were stopped, the tumors 
grew rapidly.—M. H. P. 


The Failure of Purified Penicillin to Retard the 
Growth of Grafts of Sarcoma in Mice. Lewis, M. R. 
| Carnegie Inst. of Washington, Washington, D. C., and Wistar 
Inst., Philadelphia, Pa.| Sczence, 100:314-315. 1944. 

Thirty-two Bagg albino mice bearing implants of a 
sarcoma native in this strain were injected repeatedly over 
periods ranging from 3 to 54% days with total doses of 
Merck’s purified salt of penicillin ranging from 1,000 to 
33,333 Oxford units per mouse. At the end of 7 days the 
injected mice and 2 uninjected control mice all had 
tumors of approximately the same size. 

Roller tube tissue cultures of sarcoma, heart, spleen, 
muscle, and kidney were similarly unaffected by the highly 
purified, colorless penicillin in amounts ranging from 20 
to 160 units per tube. However, when an impure, yellow 
sodium salt of penicillin (Squibb) was tested in the same 
way, it was found that 60 to 80 units per tube damaged 
sarcoma cells and left normal cells unaffected, while 100 
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to 120 units killed sarcoma cells and damaged normal ones. 
These results indicate that a differential damaging agent 
is present in the yellow penicillin preparation, and that jt 
is lost in the course of producing the highly purified. 
colorless penicillin salt.—R. B. 


Studies in Vitro on the Physiology of Norma] 
and of Cancerous Cells. II. The Survival ang 
the Glycolysis of Cells under Aerobic and under 
Anaerobic Conditions. Scurik, R. | Tumor Research Unit. 
Vet. Admin.| Arch. Path., 37:319-327. 1944: for Part I. cf. 
Arch. Path., 3§:857-858. 1943. Abstr. in Cancer Research, 3- 
7/11. 1943. 

By the method of unstained cell counts, the survival of 
cells at 45° C. was determined under aerobic and under 
anaerobic conditions, in the presence and in the absence 
of dextrose. The major factor determining the length of 
survival was the type of cell. In most cases the survival 
of cells was not affected appreciably by dextrose or oxygen, 
Most types of cells studied were able to survive for pro- 
longed periods in the absence of both dextrose and oxygen. 
In contrast, the thymic cells of the rabbit required the 
presence of either oxygen or a fermentable sugar for 
survival. 

It appeared from these experiments that the survival of 
cells 72 vitro depended not on respiration nor on glycolysis 
but on some other cellular reaction, possibly the metabolism 
of nucleoproteins. 

Aerobic and anaerobic glycolysis of cells was studied by 
determining the number of viable cells and the pH of the 
suspensions before and after incubation. Decrease in the 
pH of the suspension depended on such factors as the 
number and the type of cells and the duration of incuba- 
tion. In peritoneal fluid and suspensions derived from the 
testicle as much acid developed aerobically as anaerobically. 
Thymic cells produced less acid under aerobic conditions. 
The thymic cells of the rabbit were able to ferment dextrose 
and mannose and possibly galactose but not fructose. 
xylose, sucrose, and maltose. Polymorphonuclear  leuko- 
cytes of peritoneal exudate and of human blood produced 
acid in a dextrose-free medium, apparently by utilization 
of glycogen in the cells. 

leukemic cells derived from patients were able to sur- 
vive as long in vitro as the normal leukocytes of blood. 
Myelogenous and lymphatic leukemic cells differed mark. 
edly in their capacity for aerobic and anaerobic glycolysis.— 
Author’s summary. (J.G.K.) 


Relationship of Amyloid Infiltration and Renal 
Disease in Mice. Duxx, T. B. | Nat. Cancer Inst., sethesda, 
Md.| /. Nat. Cancer Inst., §:17-28. 1944. 

The incidence of amyloid infiltration and renal disease 
was studied microscopically in strain A, strain C3H, and 
hybrid ABC mice. It was concluded that spontaneous 
amyloidosis is of frequent occurrence in_ strain A and 
hybrid ABC, while it is infrequent in strain C3H animals. 
An association was found between the development o! 
amyloidosis and renal disease, and it is suggested that am 
amyloid deposit in the papilla with blockage of the col- 
lecting tubules is responsible for a kidney change that 
resembles microscopically a chronic or healed pyelonephritis 
in man. 
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Papers dealing with amyloid infiltration and renal dis- 
ease in the mouse are reviewed, and the comparative pa- 
thology of these changes in the mouse and similar processes 
in man is briefly considered. Eleven photographs are in- 
cluded, which illustrate the characteristic appearance of 
these two conditions in the mouse.—T. B. D. 

A Survey and Study of Spontaneous Neoplastic 
Diseases in Chickens. Orson, C., Jr., and Butuis, K. L. 
[Massachusetts State Coll., Amherst, Mass.] Massachusetts Agr. 
Exper. Station Bull., No. 391:1-56. April, 1942. 

The object of this report is to provide more definite 
information than has been available in the past on the 
morphological characteristics of the various types of neo- 
plasia found in chickens, and on the relative incidence of 
the specific types. 

The classification employed follows in general the simple 
scheme by which tumors are arranged according to their 
tissue of origin. In 2,304 chickens examined the incidence 
for all tumors, benign and malignant, was 12.9%. Three 
hundred and eighty-..» 1r neoplasms in 365 chickens were 
studied. Lymphocytoma, the most common, accounted for 
55.5% of the 384; 6 other types (leiomyoma, embryonal 
nephroma, myelocytoma, Jeukosis, epithelioblastoma, and 
fibrosarcoma) for 33%. 

The different varieties are described, and their incidence 
is discussed in relation to season and to age, sex, and breed 


of the host, each of which appeared to be of significance in 
one or more types of tumor.—W. H. W. 


Uber Geschwulsttheorie und die Méglichkeit der 
Entstehung der Geschwulstzelle durch Spontanmu- 
tation. [Tumor Theories and the Possibility of 
Origin of Tumor Cells by Spontaneous Mutation. ] 
Henscukr, U. [Munich Univ., Munich, Germany] Ztschr. f. 
Krebsforsch., §4:11-25. 1943: Chem. Zentralbl., I1:1718. 1943. 

On the basis of recent biological and biophysical data, 
the author seeks a hypothesis for the mode of origin of 
tumor cells. He systematically reviews previous theories.— 


M. H. P. 


Comment on Experimental Gastric Cancer. Smirn, 
G. M. |Pine Orchard, Conn.| Connecticut M. ]., 8:409-414. 
1944. 

A review with 25 references. Among the reports dis- 
cussed are those dealing with injurious action of biliary 
backflow into the stomach upon the gastric mucosa, pro- 
duction of stomach cancer by carcinogens, relation of diet 
to experimental stomach cancer, growth patterns and 
diagnosis of early cancer of the human stomach, pre- 
cancerous changes in the gastric mucosa, metabolic ab- 
normalities in patients with gastrointestinal cancer, pos- 
sible role of viruses in gastric disease, and progress in 
organization of cancer research and prevention.—M. H. P. 


Clinical and Pathological Reports 


ETIOLOGY 


Weitere Beobachtungen tiber den Berufskrebs der 
Asbestarbeiter. [Further Observations on the Oc- 
cupational Cancer of Asbestos Workers.] Weiz, A. 
[Path. u. Bakt. Inst., Hannover, Germany] Arch. f. Gewerbe- 
path. u. Gewerbehyg., 11:536-550. 1942: Chem. Zentralbl. 
IT:2179. 1943. 

Description of 2 cases —M. H. P. 

Uber Krebsentstehung bei der chronischen Ar- 
senvergiftung. [The Development of Cancer in 
Chronic Arsenic Poisoning.] vow Prix, H. | Med. Klin.. 
Fraburg Univ., Freiburg 1. Br., Germany| Deutsche Arch. f. 
klin. Med., 190:429-43. 1943: Chem. Zentralbl., 11:628. 1943. 

seven patients with chronic arsenic poisoning showed 
carcinoma of the skin, and 2 of these also had mucosal 
carcinoma of the esophagus and bronchi, respectively. 
Clinical observations and experimental investigations indi- 
cate that chronic arsenic poisoning increases the general 
susceptibility of the organism to cancer and can promote 
cancer development locally, especially in the skin.—M. H. P. 


DIAGNosIs—GENERAL 


Review of Serodiagnostic Tests for Cancer. 
Maver, M. E. | Nat. Cancer Inst., Bethesda, Md.] J. Nat. Cancer 
Inst., 4:571-578, 1944. 

The tests considered in this review fall into 3 categories: 
(1) Those that measure comparative concentrations of 
blood constituents, or chemical and physical properties 
dependent upon these constituents, in cancer and non- 
‘acer patients. Several of these tests are listed, but no 


appraisal of them is given. (2) Immunologic tests: Im- 
mune reactions specific for cancer and useful in diagnosis 
have not yet been discovered. (3) Enzymic tests: These 
depend upon the presence, or absence, of some specific 
cytolytic, proteolytic, or lipolytic activity in the blood of 
cancer patients. Several of these tests, including those de- 
vised by Freund and Kaminer, Bernhard, Abderhalden, 
and Fuchs, have been found by some workers to give 
high percentages of correct diagnoses. However, their 
value has not been confirmed by all investigators, and 
none of the tests is known to provide diagnoses of early 
stages of cancer. 

Recently several tests have been developed that indi- 
cate the presence of malignant disease in organs with well 
defined secretory function, or highly specialized: activity. 
Although successful in many cases these tests are limited 
to certain types of cancer, and therefore a general test 
for cancer is still needed.—R. Bb. 

Maintenance of the Sedimentation Rate of Eryth- 
rocytes in Cases of Cancer, Hodgkin’s Disease 
and Leukaemia. Menper, D. L., and Korenserc, M. |[Jew- 
ish Gen. Hosp., Montreal, Canada| Canad. M. A. ]., 51:353-355. 
1944. 

Confirmation is offered of Koster’s observation (Acta 
med. Scandinav., 93:420. 1937) that blood from patients 
with malignant neoplastic disease is slower than blood 
from other persons to show a decline in erythrocyte sedi- 
mentation rate during 24 hour storage. The average sedi- 
mentation rate after such storage was 64% of the pre- 
storage rate in 40 patients with cancer, leukemia, or 
Hodgkin’s disease, 78% in 6 patients suspected of having 
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malignant neoplastic disease, 40% in 8 patients with 
anemia, and 23% in 78 control patients with various 
nonneoplastic diseases. A simplified form of the Koster 
technic for determining sedimentation rate is presented.-— 


M.H.P. 
‘THERAPY—GENERAL 


Insulin in der Krebsbehandlung. [Insulin in Can- 
cer Therapy.] Scnurtr, G., and Scntirz, H. [Knapp- 
schafts-Krankenhaus, Recklinghausen, Germany] Miéinchen. med. 
Wchnschr., $9:648-651. 1942: Zentralbl., 11:2294. 
1943. 

Careful, systematic study of 25 patients with carcinoma 
indicates that insulin therapy is suitable only in certain 
cases aS a supportive measure for transitory amelioration 
of pain and depression.—M. H. P. 


Chem. 


Influence of Synthetic Oestrogens upon Ad- 
vanced Malignant Disease. Happow, A., Warkinson, 
J. M., and Paterson, E., wirH AN ADDENDUM BY KOLLER, P. C. 
|Roy. Cancer Hosp. (Free), London, and Christie Hosp. and 
Holt Radium Inst., Withington, Manchester, England] Brit. M. J., 
2:393-398. 1944. 

The authors record the treatment of 73 cases of advanced 
malignant disease (40 of the breast and 33 of other organs) 
with triphenylchlorethylene (52 cases), triphenylmethyl- 
ethylene (7 cases), and stilbestrol (14 cases). 

1. Triphenylchlorethylene and cancer of the breast (22 
cases). Total amounts ranged roughly from 200 to 1,000 
gm. (3 to 6 gm. daily) given orally in all but 2 cases 
in which intramuscular injections were given. When 
either of the two triphenyl compounds was given by 
mouth about 90% could be recovered from the feces (F. L. 
Warren). Initial regression occurred in 10 cases. Me- 
tastases in lung sometimes developed while the primary 
tumor was regressing. Only one case showed prolonged 
arrest. The ultimate course of the disease was not altered. 
In responsive cases there was flattening and disappearance 
of small skin nodules, ulceration and disappearance of 
larger nodules and masses, followed by growth of epi- 
thelium over the area. On biopsy, 4 cases in which regres- 
sion of the primary tumor took place showed a highly 
cellular type, as did also 2 of 3 cases in a stationary con- 
dition, the remaining tumor being of scirrhous type. In one 
case biopsy before and after treatment showed in the 
second specimen disappearance of mitoses and irregularity 
in size, shape, and staining of nuclei. The changes ob- 
served differed from those following x-radiation. The 
only case in the series that was in a male showed a favor- 
able response. Secondary effects included nausea, pig- 
mentation of areolae, uterine bleeding, improved appetite, 
gain in weight, and apparently in a few cases relief of 
pain. 

2. Miscellaneous cases variously treated. Triphenylchlor- 
ethylene. The compound was ineffectual in nearly all of 
30 cases of cancer of the skin, antrum, bladder, ovary, 
testis, rectum, in reticulo-endothelial tumors, and in 1 case 
each of chronic myeloid and chronic lymphatic leukemia. 
But 2 cases showed undoubted regression of the primary tu- 
mor: (a) Carcinoma of bladder. Primary growth (nature 
verified by biopsy) disappeared under treatment (760 gm. 


tees 


in 9 months), but the patient died of circulatory failure 
after 11 months. (b) Carcinoma of prostate (biopsy). 
The prostate returned to normal size (after 1,346 gm. of 
compound in 13 months), but there was no definite re. 
gression of skeletal metastases. Triphenylmcthylethylene. 
Four patients with advanced cancer of the breast received 
intramuscular injections (total dose 1.4 to 3.8 gm.); only 
one of these (with spheroidal celled carcinoma) showed 
temporary improvement. Three cases of Hodgkin’s dis. 
ease showed no improvement. Stilbestrol. Of 14 cases of 
cancer of the breast treated orally or by intramuscular jn. 
jection, 5 showed temporary improvement, which in one 
case was considerable, similar to that described under 
Triphenylchlorethylene above. Total amounts were roughly 
100 to 700 mgm. 

The cytological changes seen in four successive biopsy 
specimens in the most successful case treated with stil- 
bestrol are described by Dr. Koller. Photographs are given 
of the naked-eye appearances in this case, and in a case 
of similar type under treatment with triphenylchlorethy- 
lene. Details of each of the 38 cases of cancer of the breast 
treated with triphenylchlorethylene or stilbestrol are given 
in concise tabular form.—E. L. K. 


RADIATION—DIAGNOSIS AND [THERAPY 


General Indications for Radiation Therapy of 
Cancer. Buscuke, F. [Tumor Inst. of the Swedish Hosp. 
Seattle, Wash.] West. J]. Surg., 52:341-351. 1944. 

Radiosensitivity and radioresistance are by no means 
well defined and fixed qualities of living tissues. They 
depend to a large extent on the actual technic of radiation 
therapy. The limitations as well as the indications of 
radiation therapy are discussed.—M. E. H. 


Hemangioma of the Elbow Successfully Treated 
with Radium at an Early Age. Kapran, I. I. [Bellevu 
Hosp., New York, N. Y.] Am. J. Dis. Child., 65:785-787. 1945. 

Report of a case that has been followed for 9 years. Fear 
of adversely affecting growing bones in children with 
radium therapy is needless if irradiation is properly ad- 
ministered.—C. J. M. 


Role of Roentgen Therapy in Treatment of Car- 
cinoma of the Breast. Ricos, F. J. [Tacoma, Wavsh.| 
Northwest Med., 43:105-106. 1944. 

It is stated that the best treatment for carcinoma of the 
breast is surgical but that irradiation is important as sup- 
plementary therapy. Roentgen therapy is discussed as 
postoperative, palliative, and preoperative methods of treat- 
ment, as a sterilizing procedure, and as sole treatment for 
surgically curable breast carcinoma. The last method 1s not 
recommended.—E. E. S. 


Marfanil-Prontalbinpuder bei der Radiumbehand¢- 
lung des Gebarmutterkrebs. [Marfanil-Prontalbin 
Powder in Radium Treatment of Cancer of the 
Uterus.] Orser, H. [Inst. f. Réntgenol. u. Radiol. der Chante, 
Strahlentherap. Klin., Berlin Univ., Berlin, Germany | Zentralbl. 
f. Gynék., 67:841-842. 1943; Chem. Zentralbl., 11:534. 1943. 

The fever occurring because of congestion during radium 
treatment of carcinoma of the cervix was suppressed by the 
use of Marfanil-Prontalbin powder.—M. H. P. 





